March 1994
SHIP PRODUCTION COMMITTEE NSRP 0409

FACILITIES AND ENVIRONMENTAL EFFECTS
SURFACE PREPARATION AND COATINGS
DESIGN/PRODUCTION INTEGRATION
HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

Limitations of Computerized Lofting
for Shell Plate Development

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER

in cooperation with

Newport News Shipbuilding



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
NOV 1993 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program Limitations of £b. GRANT NUMBER

Computerized Lofting for Shell Plate Development
5¢c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD Code 2230 - Design Integration Tower | REPORT NUMBER
Bldg 192 Room 128 9500 M acArthur Blvd Bethesda, M D 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 219
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



ION COMMITTEE 'NSRF 0409
1 ONMENTAL EFFECTS
T'ON AND COATINGS
["ON INTEGRATION
JE INNOVATION THE NATIONAL
Y STANDARDS SHIPBUILDING

DING RESEARCH
:NGINEERING  PROGRAM
ATION

Limitations of Computerized Lofting
for Shell Plate Development

U. S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION, NAVAL SURFACE

WARFARE CENTER

in cooperation with

Newport News Shipbuilding



REPORT
ON
LIMITATIONS OF COMPUTERIZED LOFTING
FOR
SHELL PLATE DEVELOPMENT

A Project of
The National Shipbuilding Research Program

for

The Society of Naval Architects and Marine Engineers
Ship Production Committee

Design/Production Integration Panel (SP-4)

PREPARED BY

Thomas Lamb
Director of Engineering
Textron Marine Systems
A Division of Textron Inc.



ACKNOWLEDGMENT

This report has been prepared by Thomas Lamb, but the material covered
has been developed and prepared by a team of Computer Aided Lofting (CAL)

developers and users. Thomas Lamb’s contribution has been as coordinator of
the study.

Without the participation of the following CAL developers there would
have been no study

Albacore Research Limited
BMT ICONS Limited

Cali &Associates, Inc.
Coastdesign, Inc.

Kockums Computer Systems AB
Senermar

Their contributions, along with the contributions of Thomas Perrine of
NASSCO, Shelby Anderson and Eddie Adler, as study consultants to Thomas
Lamb, are acknowledged with appreciation. The study consultants ensured
that the study met the project abstract goals and that the over-riding
performance measurement for the study was the maximum use to
shipbuilders. This was further attained by review of the study report by Bath
Iron Works, Ingalls Shipbuilding National Steel Shipbuilding Company and
Newport News Shipbuilding% and their efforts are also acknowledged.

The study was funded by the National Shipbuilding Research Program
Design/Production Integration Panel (SP-4), chaired by R. Besselievre, of
Ingalls Shipbuilding. The SP-4 Panel is one of the Ship Production Committee
Panels of the Society of Naval Architects and Marine Engineers, which were
established with the purpose of improving U. S. shipbuilding performance.



EXECUTIVE SUMMARY

Some shipyards are not satisfied with the current computer aided lofting
(CAL) shell development systems that they use. This dissatisfaction manifests
itself in fit up problems and the need for excess material (“green” or “stock”) to
be left on some butts and seams to allow “corrections” to be made at erection.

Most shipbuilders desire a “cut to neat size” approach. This is obviously to
eliminate labor intensive fitting cutting in and edge preparation for welding,
on the assembly plattens or building berth.

On the other hand, most CAL developers recommend that stock material
be left on one seam and one butt for each shell plate block with significant
curvature. They claim that this is to take care of inaccuracies due to the platers’
skill level and limitations of the forming machinery, rather than inaccuracies in
the shell development systems.

This study was undertaken to help put the shell plate development
problems in their correct perspective and to determine if the shipbuilders’ goal
of cutting all shell plates neat is reasonable.

The study was performed in two phases to suit funding restrictions. Phase
| developed the Problem and Solution Description and Phase Il covered the
development of the Shell Plate Test Cases and the preparation of the Ship
Designers’ Manual.

In order to better appreciate the description and discussion of the
participating CAL developers’ systems, a historical background for CAL is
presented. This includes a description of the traditional manual shell
development methods and an example of their use for a typical simple shell
plate. This enabled a comparison of the developed flat shape to be made and
significant differences were found.

In addition, a description of a successful 1:10 scale shell plate development
machine is presented. Its demise wass assured with the development of N/C
burning machines and computer aided lofting.

In performing the study, it became clear that the problems were viewed
differently by U.S. shipbuilders and the CAL Developers.

An attempt was made to obtain the views on this matter from three foreign
shipyards, but all declined to participate.



All the participating CAL developers are aware of shell plate problems but
they do not-see them as a limitation of the methods they use. They all point out
that shell development of double curvature shell plates is an approximation.
There is no exact “unwrapped” flat shape for such curved plates. However,
they believe that the approximation gives developed flat shapes for plates that
are well within current shipbuilding tolerances.

The aircraft industry has some problems that are similar to shipbuilding
and others that are unique. As already reported, early aircraft lofting used
shipbuilding lofting techniques and loftsmen. Most existing aircraft
manufacturers have their own computer aided lofting system. They have
special attributes to handle their unique needs. The problems are handled by
different approaches depending on need as follows

eSheet stretching or hammer forming over dies
«Sheet shot peening
o Composite molds

Where plate development is performed it is done by multiple triangulation and
stock is provided for fit up.

The six participating CAL developers can be grouped into two PC based
and four main frame based systems. However, all the main frame based
systems are currently offering stand alone and networked work station versions
of their systems.

It should be obvious that a successful shell development system must be
part of a total system that has a successful fairing system and experienced
loftsmen/users to develop successful lines. Further, that the CAL fairings must
produce fair and smooth hull surfaces with no bumps or hollows. However,
this study assumes that this is the case and does not review or compare fairing
systems.

All systems except Senermar’s FORAN use triangulation of many small
panels formed by four 3-D space points to obtain the flat developed shape of
the plate. Senermar use a unique approach of building up the surface
definition for each plate from a number of analytical mathematical surfaces
and then developing each one of the set of surfaces and nesting them together
to obtain the flat developed shape of the plate. The SPADES system starts its
development at one end of the plate whereas all the others start in the middle.

All systems except ShipCAM3 automatically take care of plate thickness and
its location relative to the molded line.



All systems provide an N/C code output and a hard copy sketch of the
developed plate and its marking. However, ShipCAM3 requires the use of an
independent CAD system to accomplish this. They all provide manufacturing
aid information. ShipCAM3, AutoSHIP and AUTOKON all offer different
versions of plate strain information which can be used by the plate developer
to help decide if developed plate is acceptable, and by the forming operator to
show where the deforming force should be applied and to what extent

A number of attempts were made to get an aircraft company to participate
in the study but to no avail.

In the Proposal and the Subcontractors’ Technical Specifications for Phase
I, five areas of a ship’s hull that can be considered “problem” or “difficult” shell
plates, from the point of view of successful CAL development, were identified.
The six participating CAL developers then developed these identical shell plates
representing the “difficult” areas. There is no intent to evaluate any of the
development results. The resulting data is simply presented for review and use
by interested readers.

Finally, a separate SHELL DEVELOPMENT GUIDE FOR SHIP DESIGNERS
has been prepared and will be issued with the report It will also be made
available to ship designers requesting it from-the SP-4 Panel Program Manager.

The project conclusions are

A. The shell development problems are viewed differently by shipbuilders and
the CAL developers. This is surprising when it is remembered that computer
aided lofting shell development methods have been in use for over 20 years.
It would seem reasonable to expect developers and users (shipbuilders) to
have worked together on the problems, or at least be in agreement as to what
they are.

B. A review of papers by foreign shipbuilders covering computer aided shell
development did not show the same concerns as some of the U.S.
shipbuilders. Their message is that successful shell plate forming and
erection is as much or more dependent on the material handling and
forming equipment and the skills and training of the forming and erection
workers as it is on the computer aided lofting method capability.



C. While improvements have been made to all of the CAL developers' shell
development systems over the years of use, they have been in the user
interface and to take advantage of computer improvements. None of the
traditional CAL developers have incorporated major new techniques that
significantly added to the accuracy of the developed plate flat shape.
FORAN'S use of geometric surfaces patched into the flat plate is a different
approach, as is the ShipCam and Autoship use of a finite element technique,
but again it is not known if they improve on the triangulation accuracy.

D. The CAL systems are not “expert systems” nor do they incorporate “artificial
intelligence”. This means that the use of the system, and specifically shell
development, will be highly dependent not only on the experience the user
has with the system but more importantly the user’s skill level and
experience as a shipbuilding loftsman.

E. For most of the compound curvature shell plates on a ship’s hull, the
accuracy of the shell development systems is well within normal
shipbuilding tolerances.

F. The shipbuilders’ goal, to cut all shell plates neat, probably will not be
realised in the foreseeable future. This is due to two facts, namely
1. It is mathematically impossible to develop an exact flat pattern for any
plate with compound curvature.
2. Shipbuilding plate forming tools and operator skills do not have the
required consistent and repeatable accuracy.

G. The development of the same plate by different CAL systems is not
consistent even for the simpler test plates. The differences get significantly
worse as the plate complexity increases. However, the consistency can be
improved by dividing the complex shell plates into a number of smaller
plates.

H. It is recognized that it is not the inconsistency between different CAL
systems that is of importance to the shipbuilders who use the systems, even
though it supports their concern as to the acceptability of current systems.
They are more interested in the good fit up from adjacent plate to plate
developed by the same CAL system, after cutting and forming. This study
did not address this matter. To do so would have required groups of plates
in each test area to be developed and then to have actually cut, formed and
connected the plates. This was not within the scope of the study.



The project recommendations are that

A. A study be undertaken of shipbuilding forming methods and the application
of accuracy control to improve shell plate forming accuracy and consistency.

B. A study be undertaken to develop ways to use advanced measuring devices,
such as laser theodilites, for the checking and control of shaped shell plate
forming.

C. Shipbuilders and CAL developers work together to develop new and
improved computer developed data to assist shell plate forming operators to
attain better accuracy and consistency

D. A study be undertaken to physically match a number of adjacent shell plates
on an actual block for plates developed by a number of the CAL developers
involved in this project, to determine fit up accuracy or lack thereof, as
discussed in 8.1 H above. This would obviously have to be performed by a
shipbuilder with the capability to cut and form the shell plates involved and
to assembly them on a jig. The shipbuilder must have the capability to
accurately measure the cutting forming and fit up of the shell plates before
joining as well as the overall final panel accuracy after joining the individual

shell plates.
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1.0 INTRODUCTION
1.1 General

Computer aided shell plate development methods have been around for
approximately 30 years. At first the computer approaches simply duplicated the
traditional manual ship lofting approaches. In fact, early versions of computer
aided lofting systems emphasized this as an advantage, in the hope that the
traditional lofstmen would be more willing to accept the “new” tool if they knew
it emulated how they manually performed the same task.

The demand for improved accuracy, plus the evolving capabilities of
computers and software, resulted in irnproments to all the areas of computer
aided lofting including shell plate development

Unfortunately, even with these improvements, most shipbuilders are still
dissatisfied with the accuracy of the current computer shell plate development
The shipbuilders’ goal is to cut every shell plate neat (with no excess material
around the developed shape to allow for the inaccuracies at fit up). More
specifically,they want to be able to erect a block to another block with the
erection joints matching perfectly, thus minimizing rework at the erection stage.
Most shipbuilders report that they cannot do this for shell plates with any shape
other than simple curvature in the transverse direction, which can be simply
rolled.

Fit up is a very labor-intensive task which is subject to human error. Even
with block construction and only fitting and cutting one seam and one butt for
the block, it is still very labor intensive.

The computer aided lofting developers and users claim that it is not the
development inaccuracies that cause the problem and resulting need for excess
material (stock or green material) but rather the shell plate processing and
forming skill level and equipment used.

To help put the shell plate development problems in their correct
perspective and to attempt to determine if the goal of cutting all shell plates neat
is reasonable, this study was undertaken. It was performed in two phases.

Phase | objectives were

«T0 obtain the participation of existing shipbuilding and aerospace
computer aided lofting system developers/users to discuss
- Shell development problems
- The methods they use to develop shell plate and handle the
problems
- Any stipulated limitations in application



e To report on the findings of the above discussion

» To select five (5) shell plates representative of the “difficult”type as test
cases to be developed by the computer aided lofting system
participants, in Phase Il of the study.

Phase Il objectives were:

The development of the 5 test cases by each of the participating CAL
subcontractor

Comparison of the developments and presentation of the findings

Preparation of a guideline for ship designers to use for hull shaping and
shell plate selection that assists in their-accurate fabrication

This report covers both phases. A separate SHELL DEVELOPMENT GUIDE
FOR SHIP DESIGNERS achieves the final project objective.

1.2 Background

The development of the shell plates of a ship has been a necessary
shipbuilding skill since the introduction of iron ships. Early shipwrights/platers
did not develop shell plates. The loftsmen laid the lines of the frames on the
screive board. Templates were then made for each frame from the frame lines
on the screive board. The actual frames were then shaped to the templates.
Once the frames were erected and secured by the deck beams and ribbands, the
shell plates were “lifted off” the frames by wood strip templates (patterns). The
template was used to transfer the flat shape to the plate which was marked and
then cut As the seams and butts were either lapped or strapped and riveted,
accuracy was not as essential as it became for welded ships and is today for
modern shipbuilding methods. Also the shape of the shell plates was kept as
simple as possible by following the “natural” straking for the hull shape.

As can be well imagined this approach was very labor intensive. The
practice of lofting and shell plate development from the full scale frame body
plan on the loft floor was a natural development in the progress of shipbuilding
technology at that time.

There are only a few well known and well used manual methods for shell
plate development Three of them are traditional, namely

«Girth Line
eSquaring Off
eTriangulation



A more recent (1954) method is based on the concept of a Geodetic Line.
Squaring off and triangulation methods can be either edge or center based,
whereas the geodetic line method is only a center approach.

The first attempt to improve on the full scale lofting approach was the
fairing of ship’s lines by the method of differences. This was a manual
calculation approach that improved on the time taken to fair lines, but it was
still labor intensive and required a higher level of educated technicians to apply
it Once the fairing was complete it was still necessary to lay down the frame
lines on the loft floor and the development of shell plates and frame templates
were lifted in the traditional manner.

The first major break from the traditional loft and lofting was the 1:10 scale
lofting developed in Germany by Sicomat in the late 1950’s. Some
developments based on this approach were the optical projection of the 1:10
drawing to full scale on the plate for marking and the electronic optical
following controller that could direct the burning machine.

The manual development of shell plating required skilled and experienced
loftsmen. In an attempt to improve on the manual method and to reduce the
dependence on skilled loftsmen, the G.A.G. PLATE DEVELOPMENT JIG was
developed in Germany in the early 1960’s. It was a logical development in
parallel with the 1:10 lofting and burning machines. Many U.S. shipyards
purchased such machines and used them until they changed to computer aided
lofting. In some cases this was well into the late 1970’s. Figure 1.2.1 shows a
schematic for the machine and Figure 1.2.2 a photograph. It was operated by
setting sliding frames 4/5 at ship frame locations. Hardened steel insulated
points on the upper rod 6 were positioned in a special guide frame 10 for each
ship frame by laying the special frame on the body plan. The flexible plastic
battens on the lower rod 6 were then fitted to the hardened steel points. This
was done for all ship frames necessary to cover the shell plate. In the original
application special foil backed paper was used to obtain the shell plate. This
was fed into the space between the points and the battens. The lower rod was
then raised until it forced the paper into contact with the points. Then an
electric current was passed through the jig and small holes were burned into the
foil backed paper. The paper was then removed from the machine and laid out
flat Lines were faired through the small hole marks to obtain the boundaries of
the plate and any marking curves that had been modelled. One U.S. shipyard
did not use the electric current marking but simply used the sharp hardened
steel points to prick holes in thick mylar’. In both cases 1:10 shell plate mylar
templates were then generated from the jig template and used to mark and burn
the shell plates. Most shipyards that used the machine report general
satisfaction with the approach, but it became obsolete with the desire and
capability to mark and bum shell plates on N/C machines and the development
of acceptable computer aided lofting shell development.



About the time that the optical tracing 1:10 system was being put into
practice, a number of organizations/countries were developing computer aided
lofting (CAL) systems, and also computer or numerical controlled burning and
marking machines.

While the British and the Scandinavians were the most successful in putting
CAL into practice, in the early 1960’s, the U.S. did experiment with numerical
controlled (N/C) burning machines at the Todd shipyard in Seattle under a
MarAd funded study. Unfortunately for the U.S., nothing came of it

The British system was developed by the British Ship Research Association
(BSRA), which was jointly funded by the major British shipbuilders with
significant support from the British government Their charter was to develop
systems that would give the British shipyards a competitive advantage through
technology, so there was no interest to expand the use of BSRA systems in other
countries. In fact the opposite was the case.

On the other hand, both the Norwegian AUTOKON and the Swedish
STEERBEAR systems were marketed aggressively around the world. AUTOKON
was marketed in the U.S. by COM/CODE Corporation, who had obtained the
licence for it in the U.S. and Canada COM/CODE licenced AUTOKON to
Newport News in 1972 and in 1973 gave a special licence to MarAd, who, in
turn, could licence up to ten individual U.S. shipbuilders. However, the
anticipated number of shipyards did not purchase the AUTOKON licenses,
perhaps because the decline in U.S. commercial shipbuilding had already
started.

General Dynamics had been a user of the AUTOKON system before
COM/CODE obtained their licence and continued to use it

Bethlehem Steel shipyard installed an N/C burning and marking machine
in 1966 and tried to develop its own system but was unsuccessful. In 1974 it
joined the MarAd sponsored AUTOKON users’ group.

Avondale shipyard developed its own system, under the direction of Fil
Cali, which eventually developed into the SPADES system currently used by
Avondale, Ingalls, Marinette Marine, NASSCO, Lockheed (before it closed) and
many other shipyards through subcontracting CAL service from Cali &
Associates, Inc.

Since then the different CAL systems have became more user friendly,
efficient, integrated and capable of providing more shipbuilding oriented user
data. With the exception of FORAN, which developed as a design system then
added lofting, these systems were first developed as a computer aided
manufacturing (CAM) tool. Over the years they have been extended back into
design and planning to offer a “total shipbuilding system.”
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FIGURE 1.2.2 - G.A.G. PLATE DEVLOPMENT JIG



Lofting methods developed for steel shipbuilding were used by the early aircraft
manufacturers. Both Both Boeing .and McDonnel Douglas later developed their own
CAL systems. Both of these systems have been used for ship lofting and shell
plate development, but the results have been no better than that offered by the
shipbuilding CAL systems.

In the last decade, simpler and lower cost systems for ship lofting have been
developed with the aid of the personal computer. While they do not offer all the
capabilities of the established total shipbuilding systems, they do offer a lower
cost alternative way for a shipbuilder to obtain a CAL and N/C generating
capability.

Today, some shipbuilders still believe that there are definite limitations to
the use of computer aided shell development systems. For example, the plates
for the lower bottom of the bulbous bow of a U.S. aircraft carrier, which was
damaged in a collision with an underwater object, was considered
undevelopable. A full scale shape set (mock up) of the damaged area had to be
built and the plates lifted off by full scale wood strip templates in the traditional
manual way. Also, blocks in the modem modular shipbuilding approach are
designed with transverse/vertical butts and horizontal joining seams. This
results in the joining plate having significant twist and backset in certain parts
of the forward and aft lower shoulders. Some recent blocks have been out of
alignment by 2 to 3 inches at the comers of the block.

Some U.S. shipbuilders claim that the Japanese shipbuilders cut all plates
neat and all blocks without stock, and they fit! However, at the 1992 NSRP
Symposium it was reported (1) that a major Japanese shipbuilding group were
currently far from achieving this goal. 16 to 30% of their formed shell plates
required back stripping or cutting and they always leave stock on bow and stem
blocks. This is not too different from U.S. shipyard practice. Another Japanese
shipbuilder is reported to leave only 174 inch when stock is required and if it fits
well when erected to the adjacent block it is simply left on. Otherwise it is used
for fit-up adjustment

Most CAL system developers recommend that stock material be left on one
seam and one butt for each block with significant curvature. Many say this is to
take care of inaccuracies due to the platers’ skill level and limitations of the
forming machinery, rather than inaccuracies in the plate development Today,
most shipbuilders desire a “cut to neat size” approach. This is obviously to
eliminate labor intensive fitting cutting in and edge preparation on the building
berth or plattens. However, it appears unattainable. Why is this so? This study
was performed to attempt to answer this question.

(1) - See 9.0 References



1.3 Project Team

With the objective to obtain the input of as many CAL developers and users
as possible, the project team had to include the developers of the most
successful existing CAL systems. The following list of CAL developers that
participated on the team shows that this was accomplished.

Albacore Research Limited
BMT ICoNS Limited

Cali & Associates, Inc.
Coastdesign, Inc.

Kockums Computer Systems AB
Senermar

Participation of a U.S. aircraft lofting system developer proved to be more
difficult Boeing Aircraft Company provided a brief description of their current
approaches and advised that they are still looking for better ways to accomplish
aircraft skin plate development McDonnel Douglas, even though they still offer
their system for sale or use to shipbuilders, and it was in use in the Philadelphia
Navy Yard, did not follow through on their initial indication of interest in
participating.

Attempts to get British Aerospace, Boeing Aircraft Company (second try)
and Lockheed also failed. Therefore this goal was not achieved.

Three shipbuilding/lofting consultants were also sequestered onto the
team, namely T. Perrine, S. Anderson and E. Adler. Their function was to
provide an overall review/control on the study process and progress to ensure
that it followed the Project Abstract and was relevant to the shipbuilders’ needs.

This latter task was also monitored and influenced by obtaining the
participation of Bath Iron Works, NASSCO and Ingalls Shipbuilding as reviewers
of the draft report

Finally, Thomas Lamb rounded out the project team as the study
coordinator and preparer of this report



1.4 Shell Plate Development Traditional Manual Methods
1.4.1 Introduction

The first method that was probably used to attempt to develop shell plates,
rather than lifting them off the erected frames, is similar to what is called today
the Girth Method or Straight Line Method. It is still used today for relatively
simple plates with only curvature in the transverse direction and no back set in
the plate.

Another early approach was the Edge Squaring Off method. This method
proved to lack the accuracy desired, in that developments using upper and
lower seams as the “set of"curve provided different developed shapes.

To overcome this limitation, squaring off along the middle of the plate was
introduced.

Others approached the quest for accuracy by conceiving completely
different methods. One such method was triangulation. Again, it first was
based on a single expanded seam but the accuracy was still not satisfactory.
Therefore a middle or center double triangulation method was tried and proved
acceptable for most of the curved plates.

In Japan, a method similar to the center squaring off method was
developed. However, instead of measuring girths along the frame lines from the
mean line between adjacent squaring off lines, they are measured from the
intersection of the frames and a specially developed curve called a “Geodetic
Line.” This curve has the property that when expanded onto the flat plate, it is a
straight line.

“Difiicult” shell plates still had to be templated from full size built up frame
sets.

In order to appreciate the discussion of shell plate development problems
and the methods used by the computer aided lofting system developers, a more
detailed description of the above traditional manual methods will be given. As
can be imagined, there are many variations of the methods and the following
descriptions are only to give an appreciation of each method, not a detailed
expose of all the refinements and adaptations.

A common shell plate will be used to show how each method was applied
and also to compare the manually developed shape from each method.



1.4.2 Girth (Straight Line) Method

The Girth Method is simple to use. Figure 1.4.2.1 shows a typical shell plate
on the body plan. To develop a flat shape for the shell plate, a point 1 is selected
on a frame near the middle of the plate length. A straight line is drawn normal

to the frame through point 1

It is then necessary to “expand” the lengths of the straight line and the
upper and lower seams. Figure 1.4.2.2 shows how this is done, by drawing a
frame spacing grid and setting off the distances, such as A, B, C,D,E,F, G, H, I,]
K, L and M,N,O,P,Q,R. A curve is drawn through the points on each frame
line and the “expanded” distances, such as A’,B’,C’,D’,E’|F; etc. are determined
for the upper and lower seams and the straight line.

The girth lengths from the straight line intersection points on each frame to
the upper seam, GU and to the lower seam GL are lifted off the body plan.

The developed shape of the shell plate is determined as follows and shown
in Figure 1.4.2.3

1. Draw astraight horizontal line.

2. Establish point 1 at its middle and set off points 2 to 7 using expanded
distances between points on line.

3. Draw a line through point 1 normal to the horizontal line.

4. Set of girth lengths GU103 and GL103 to establish the upper and
lower seam intersection points on frame 103.

5. Determine upper seam intersection point on frame 102 by drawing
arcs of radius equal to C’ from the upper seam point for frame 103
and equal to GU102 from point 2 on the horizontal line.

6. Repeat 5) for upper and lower seam frame intersection points for all
frames.

7. Draw curves through upper and lower seam points.
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GIRTH (STRAIGHT LINE) METHOD

FIGURE 1.4.2.1 - SHELL PLATE BODY PLAN
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1.4.3 Edge Squaring Off Method

The Edge Squaring Off Method was a popular method for early loftsmen as
it was relatively simple.

The method will be performed using both the upper and lower seams in
order to determine if this will result in any difference in developed shapes.

First it will be described for the upper seam and only the developed shape
will be shown for the lower seam.

Figure 1.4.3.1 again shows the shell plate on the body plan.

The upper and lower seam distances between frames are expanded as
described for the Girth Method. On the body plan, starting at frame 100, a line
is drawn normal to frame 101 passing through the intersection point of the
upper seam and frame 100. The distance that this normal line intersection
point on frame 101 is above or below the seam/frarne intersection point is
designated a This is repeated for frames 102 through 106 to determine b, c d, e
and f. These differences are the “squaring off’ distances. The girth lengths,
from seam to seam, are lifted off the body plan for each frame. This provides all
the information required to develop the flat shape of the shell plate. In actual
fact only the seams of the developed shape will be drawn. The butts require a
little more measuring to establish the “bow” of the frames on the developed
shell plate. However, this is not important to the objective of this description.

The seams of the developed shape are determined as follows and shown in
Figure 1.4.3.2:

Draw a vertical line equal to the girth length G100.

Draw a line normal to this line at its upper seam intersection point

Draw an arc of radius A’.

Draw a line parallel to the normal line a distance of a from it

The intersection of the parallel line and the arc is the point on the

upper seam at frame 101.

6. Draw an arc of radius the girth length, G101, from the upper seam
point determined in 5).

7. Draw an arc of radius G’ from the lower seam point on frame 100.

8.  The intersection of the arcs for 6) and 7) gives the lower seam/frame
101 intersection point

9. Repeat steps 3) through 8) for frames 101 through 105 using
corresponding expanded seam distances, squaring off distances and
girth lengths.

10. Draw curves through upper and lower seam points.

RN E
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EDGE SQUARING OFF METHOD
UPPER SEAM

FIGURE 1.4.3.1 - SHELL PLATE BODY PLAN
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Figure 1.4.3.3 shows the developed shapes for both the upper and lower
seam squaring off cases, overlayed on each other. As can be seen, there is a
significant difference (12.75 inches at the upper comer of frame 106).

It is easy to see how this “inaccuracy” could have serious impact on fit up of
a shell plate to adjacent shell plates.

144 i ff Method

The Center Squaring Off Method was developed to eliminate the inaccuracy
of the edge squaring off method. Again, Figure 1.4.4.1 shows the shell plate on
the body plan. The upper and lower seams are expanded to determine
distances A’ through L’

At each frame, on the body plan, chords are drawn connecting upper and
lower seam/frame intersection points. On frame 100 select a point a100 on the
frame near the middle. Draw a line from a100 normal to the frame 100 chord
line until it intersects frame 101 and designate this point blO1. Draw another
line from a100 normal to frame 101 chord line and designate the intersection of
this line with frame 101, c101. Establish a point alOl equidistant between bl0l
and c101.

Repeat this procedure for all frames establishing points a102 through a106.

Measure the girths for each frame from the “a” point to the upper GU, and
lower seams, GL

The shape of the developed shell plate is determined as follows and shown
in Figure 1.4.4.2

Draw a vertical line representing frame 100.

Mark a point on it representing a100.

Set of GU100 and GL100.

Draw a line through a100 normal to the vertical line extending beyond

anticipated frame 101 line.

5. Draw a line parallel to the normal line a distance of blOI - al0l to the
appropriate side of the normal line.

6. Draw lines parallel to the parallel line established in 5) at distances
above and below the line equal to GU101 and GL101 respectively.

7. Draw an arc of radius A’ horn upper seam point on frame 100 and the

same for the lower seam point with radius equal to G’. The upper and

lower seam/frame 101 intersection points are where the arcs intersect

the lines drawn in 6).

W
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8.
9.

10.

11.

Draw a straight line between the upper and lower seam/frame 101
intersection points.

Where the line drawn in 8) intersects the line drawn in 5), designate
the point alOl

Repeat steps 4) through 9) for frames 101 through 105 using
appropriate expanded seam distances for the upper and lower seams,
upper and lower girth lengths and derived “a” points.

Draw curves through the upper and lower seam points.

1.4.5 Single (Edge) Triangulation Method

The triangulation method is based on the concept that any surface can be
accurately developed into a flat pattern made up of expanded triangles.

Figure 1.4.5.1 shows the shell plate on the body plan. Single diagonal lines
are drawn on the body plan from opposite comers of each plate panel between
frames. The diagonals are expanded on the standard frame grid, as shown in
Figure 1.4.5.2. Again, the upper and lower seams are expanded.

The shape of the developed plate is determined as follows and shown
inFigure 1.4.5.3

Eal A e

No o

Draw a vertical line and set off the girth length G100

Draw an arc of radius A’ from the upper seam point for frame 100
Draw an arc of radius a’ from the lower seam point for frame 100
The intersection of the arcs drawn in 2) & 3) is the upper seam point
for frame 101

Draw an arc of radius G’ from the lower seam point for frame 100
Draw an arc of radius G101 from the upper seam point for frame 101
The intersection of the arcs drawn in 5) and 6) is the lower seam point
for frame 101

Repeat steps 2) through 7) to determine all upper and lower
seam/frame intersection points

Draw curves through upper and lower seam points
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1.4.6 Dauble (Center) Triangulation Method

Triangulation can be single, as described in 1.4.5, or multiple. Manual
triangulation methods usually do not use more than double triangulation.
However, multiple triangulation (3 or 4) is sometimes manually used for
extremely curved shell Plates.

Figure 1.4.6.1 again shows the shell plate on the body plan. On frames 102
through 106 the mid points of the girth lengths are determined and designated
points 1 through 6, Diagonals are drawn from upper and lower seam points to
the mid points on adjacent frames. Again the upper and lower seams are
expanded. The upper and lower diagonals are expanded in the same way as the
diagonals in 1.4.5, as shown in Figure 1.4.5.2 on a standard frame space grid.

The shape of the developed plate is determined as follows and shown in
Figure 1.4.6.2.

Draw a vertical line equal to the girth length G100

Draw an arc of radius aul00 from the upper seam point on frame 100

Draw an arc of radius a(100 from the lower seam point on frame 100

Where the arcs drawn in 2) and 3) intersect is the developed position

of point 1 designated 1’

Draw arcs of radius half G101 with center 1’ above and below the point

Drawan arc of radius A’ from the upper seam point on frame 100

Where the arcs drawn in 5) and 8) intersect is the upper seam point for

frame 101

8. Draw an arc of radius G’ from the lower seam point on frame 100

9. Where the arcs drawn in 5) and 8) intersect is the lower seam point for
frame 101

10. Repeat steps 2) through 9) with the appropriate expanded diagonals
and seam distances to derive all upper and lower seam/frame
intersection points

11. Draw curves through upper and lower seam points

o -

~No ot
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1.4.7 Geodetic Line Method

The Geodetic Line method is very similar to the Girth Length method
except it uses an improvement over the straight line datum, namely the geodetic

line.

A “geodetic line” on any developable surface will be straight when
developed. For surfaces representing the hull of a ship it has been found that,
within certain limits, the geodetic line approach is a reasonable assumption.
The geodetic line is developed on the body plan as shown in Figure 1.4.7.1 and
as described below

L.
2.

P~ w

Draw chord lines between upper and lower seams for each frame.
Select the girth mid point on a middle frame such as a103 on frame
103.

Draw a line through al03 normal to the chord line for frame 103.
Designate the intersection of this line and the frames 102 and 104,
al02 and al04 respectively.

Draw a line through al04 perpendicular to the frame 104 chord line.
Designate where line drawn in 5) intersects frames 103 and 105, b103
and b105 respectively.

Determine point al05 on frame 105 so that distance b103 - al03 is
equal to b105 - a105.

Repeat steps 5) through 7) for a102 and each “a" point for frames 100,
101,105 and 106.

Draw a curve though points a100 through al106. This is the
approximate geodetic line for the shell plate.

Upper and lower seams and the geodetic line are expanded and the girths
above and below the geodetic line for each frame are lifted from the body plan.

The shape of the developed plate is determined as follows and shown in

Figure 1.4.7.2;

1. Draw a straight horizontal line.

2. Set the mid point a103

3. Set of points for expanded geodetic line on frames 100 through 106.

4. Draw a line through point a103 normal to the horizontal line.

5. Draw an arc of radius C’ from the upper seam point on frame 103
toward frame 102.

6. Draw an arc of radius GU102 from point a102.

7. The intersection of the arcs drawn in 5) and 6) is the upper seam point
on frame 102.

8. Repeat steps 5) through 7) to determine all upper and lower
seam/frame intersection points.

9.  Draw curves through upper and lower seam points.
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FRAME 105

GEODETIC LINE METHOD

FIGURE 1.4.7.1 - SHELL PLATE BODY PLAN
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1.4.8 Comparpon of Traditional Manual Methods

Figure 1.4.8.1 shows an overlay of all the flat patterns developed by the
described traditional manual methods. Figure 1.4.8.2 give an enlargement of
the right side of the plates to show differences better.

It can be seen that there are significant differences between the various
developed shapes. There is general agreement for five out of the seven
methods. Even so it is of concern that there are differences as the plate was not
a “difficult” plate and the seams were reasonably straked. That is they were
selected to easily wrap the hull surface rather than buttocks or waterlines as
many modem plates are arranged to suit modular construction.

The method with the major difference is the Edge Squaring Off using the
upper seam. It is “off” by over 10 inches at the upper right hand comer
compared to the Double Triangulation Method.

The other methods are off by up to 2.5 inches from the Double
Triangulation Method.

The Single Triangulation Method is off because of a strange hook resulting
from the curvature change between frames 100 and 101.

It is generally acknowledged that multiple triangulation will give the best
approximation for a flat pattern development of a surface with compound
curvature. Based on this, it would appear that the order of acceptability of the
different manual shell development methods is

Double Triangulation

Center Squaring Off

Geodetic Line

Edge Squaring Off using Lower Seam
Girth

Single Triangulation

The Edge Squaring Off using the Upper Seam does not appear to be an
acceptable approach.
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2.0 SHELL PLATE DEVELOPMENT PROBLEMS

2.1 General

If there were no problems with the current development of curved shell
plates, this study would not have been undertaken and this report would not
have been prepared. In performing the study it was determined that the
problems are viewed differently by shipbuilders and the CAL developers. This is
surprising when it is remembered that computer aided lofting shell
development methods have been in use for over twenty years. It would seem
reasonable to expect developers and users (shipbuilders) to have worked out
the problems or at least agreed what they are. However, as will be seen from the
following discussion, this does not appear to be the case.

Before discussing the problems, it is necessary to define some of the terms
that will be used.

CURVATURE is smooth deviation from a straight line. As applied to a
surface it is smooth deviation from a flat plane.

SINGLE CURVATURE is deviation in only one direction.

DOUBLE CURVATURE is deviation in two directions approximately normal
to each other.

REVERSE DOUBLE CURVATURE occurs when curvature in the two
directions is in opposite directions.

STOCK is excess material added to the developed flat plate shape. It is
usually a fixed allowance such as one inch offSet from the developed shape
of the seam/s and butt/s.

Figure 2.1.1 gives examples of plates with the above types of curvature.
Shell plates in the parallel mid body at the bilge would be single curvature
plates. Most other curved shell plates would be double curvature. Shell plates
at the stem and stem can be reverse double curvature type especially in “fine”
hull forms.

Modular construction divides a ship’s hull into structural blocks. Figure
2.1.2 shows the aft portion of the block definition drawing for a typical single
screw ship. Figure 2.1.3 shows the block above the propeller aperture upside
down as it would probably be built It contains shell plates with significant
reverse double curvature as shown. It also shows the four erection seams, two
transverse erection butts and the transom erection butt The upper seams and
the transom butt are in the same plane, a water line. The block contains a total
of 15 shell plates.
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2.2 U.S. Shipbuilding Situation

Most shipbuilders in the U.S. are not satisfied with the current shell
development situation. They want to be able to cut shell plates neat That is
without excess material to be “cut in” during fitting the plates on the assembly
plattens or structural blocks on the building berth. They view their inability to
do this as a limitation of current computer aided lofting systems shell
development technology.

While a large number of a ship’s shell plates will be flat in the “flat of side”
and “flat of bottom”, and developable at the bilge radius in way of the parallel
body, there are still many that have complex curvature. It should be obvious to
most people involved in the design of ships that normal ship hull shapes do not
have developable surfaces in the area of curved plates.

AU.S. shipyard provided the following information for a typical high speed
container ship, which gives an appreciation of the problem. Atypical ship has
35,000 parts that are lofted. 45% or about 16,000 are N/C cut parts. The number
of shell plates on such a ship would be about 800. The shipyard would not use
their CAL shell development program for about 80 shell plates located in the
bow and stem. They would use their experience to locate, slrake and size these
plates and manually develop them. Of this 80, half would require forming over a
built up “form, set or bed”. This same shipyard reported particular problems
with shell plates that contained both flat and compound curvature, such as
plates crossing the flat of bottom or side tangency lines.

Table 2.2.1 is similar data for a tanker taken from the Avondale/IHI
Technology Transfer data (2). From this it can be seen that only a small
percentage (15.1%) could be formed by just rolling. The majority of the plates
required rolling and then further forming by line heating. This is probably due
to decision not to use packed rolls for plates with back set, but rather to simply
roll them first and use line heating to obtain longitudinal curvature.

It should also be noted that a smaller number of actual plates were curved,
296 versus 800. This is because the first vessel had more shape throughout its
length or less parallel body than the second ship.

Accuracy Control has contributed to the better fit up of internal structure in
subassemblies and structural blocks but because of the uniqueness of
individual curved shell plates, the forming techniques and shape control used, it
is difficult to apply to shell plates and thus it is not possible to benefit from the
accuracy control process. A recent report(3) from a Japanese shipbuilder for
additional marking on shell plates suggests one way that it could be applied to
the fit up of shell plate to shell plate This is shown in Figure 2.2.1. The method
consists of providing a continuous marking inside the seams and butts at a
constant distance for every shell plate. After a shell plate is joined to another
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TABLE 221
ESTIMATION OF CURVED SHELL PLATES ON EXXON

1. Amount of curved shell plates (per one ship)

Aft Construction Part 35 Plates*
Engine Room Part 84 Plates
Cargo Hold Part 112 Plates
Fwd. Construction Part 67 Plates*

TOTAL 298 Plates

NOTE * ESTIMATED FROM DRAWINGS
2. Classification of curved plates bending works

BENDING PROCESS QUANTITY OF PLATES =~ PERCENTAGE

a) No roll 26 8.7
b) Roller (or press) only 45 15.1
¢) Roller and Line Heating 196 65.8
d) Line Heating Only 20 6.7
e) Roller and Forming jig 11 3.7

TOTAL 296 100.0

Roller work=b + ¢ + e =45 + 196 + 11 = 252 plates/one ship

Line Heating work= c+ d = 196 + 20 = 216 plates/one ship

37



FIGURE 2.2.1 - USE OF STANDARD SHELL PLATE MARKING FOR ACCURACY CONTROL OF FIT UP TO
ADJACENT SHELL PLATES
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and after the internal structure is completely welded to the shell plates,
measurements can be taken from one line to its adjacent plate line and the
distance recorded. This would be applied to all the usual accuracy control
analysis tools and the results used to control the shell shaping/fiting process
and to show when improvements were necessary. It would also provide the
necessary raw data from which to develop weld shrinkage data

It is possible to utilize developable surfaces on smaller hard chine or multi-
surface combination hulls. However, large ships are generally not deliberately
designed with developable surfaces.

Shipbuilders report that they have problems with individual shell plates
fitting pin jigs or egg-crated support structure. Some report apparent plate
shape acceptability but plate marking out of alignment with internal structure.
This has led them not to mark such plates by N/C, but using the IHI “Key Line”
method to layout the marking AETER the plates are formed, set on jigs and
joined together. The IHI Key Line method was described in detail in the
Avondale/IHI Shipbuilding Technology Transfer reports (2), and is reproduced
in Appendix 9.3 for convenience of readers. Some shipyards use the Key l.ine
method to CHECK the N/C marking after the plates have been joined to form a
panel.

It is possible to use part of the Key Line approach as accuracy control input
for shell panels once they are joined. This would be accomplished by recording
out of shape as measured-by differences between the “thread lines” on the back
set and key line templates and the corresponding actual thread lines.

Others shipbuilders problems with the “squareness” of structural block
shell plates, reporting comers being up to 3 inches out of true location on a
typical block with curved shell plate.

Some shipbuilders report that a major cause of these problems is
inadequate definition of the ship’s lines, especially in areas of extreme
compound curvature. This suggests that better definition through closer
spacing of control lines (frames, waterlines and buttocks) and better checking
for fairness in these regions is necessary and should be an essential part of the
process of lines fairing. It is too late to discover bumps, hollows or knuckles in
the hull surface during shell plate development Because of this underdefined
lines problem, some shipbuilders use full scale mock ups to ensure smooth
surfaces. Typical areas where this is done are

«Segmented or “orange peel” plates such as spherical bulbous bow plates

Plates with extreme twist
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This inability to consistently process shell plate with acceptable
shipbuilding accuracy forces the shipbuilders to “play safe” and use “stock” on
at least one butt and one seam for each curved shell plate structural block.

Then either cutting the stock material off as the blocks are aligned or before
erection through the use of one of the current accurate measurement and
alignment methods. Either way requires considerable skill and significant effort
(man hours) and time (longer build duration) to accomplish the fit up, removal
of the stock and prepare the edge for welding.

Areas of a ship’s hull, identified by shipbuilders, that can cause problems
are

Clipper Bows - Soft Nose Stem

Cruiser Stems

Single Screw Apertures - Stem Frames

Forebody and Aft body shoulders

Blocks in the fore and aft bodies with vertical butts and horizontal
seams

Bulbous Bows

Sonar Domes

Heavy Flare in “fine” hulls

Some shipbuilders/designers avoid some of these problems by utilizing
large castings especially for stems and stem frames.

2.3 Computer Aided Lofting Developers’ Experience

The participating CAL developers’ reports are reproduced in Appendix 9.1.
The following is a summary of the reported known shell plate problems and
how the different systems take care of them.

All the participating CAL developers are aware of shell plate problems but
they do not see them as a limitation of the methods they use.

They all point out that shell development of double curvature shell plates is
an approximation. There is no exact “unwrapped” flat shape for such curved
plates. However, they believe that the approximation gives developed flat
shapes for plates that are well within current shipbuilding tolerances.

A number of them stress that all shell plate development requires system
skilled and lofting experienced users with knowledge of their shipyard’s forming
and fabrication capabilities and limitations.



Albacore Research recognizes that some extreme double curvature shell
plates cannot be adequately expanded into a flat shape. They base the decision
of which plates cannot be developed on a review of the fore and aft deflection of
the transverse mesh lines as shown in the Shell Expansion View produced by
their system. Actually, the areas on the hull that cannot be developed show as
clear areas, without the mesh. Figure 2.3.1 is reproduced from Appendix 9.1.1,
Figure 9 and illustrates this attribute.

BMT also recognize the spectic areas of certain ship hulls that require
special attention and the use of experienced loftsmen. These loftsmen should
not only be experienced in the application of the CAL system but also with their
shipyard’s shell forming constraints. The BMT system also has an attribute
wherein the direction and magnitude of the curvature are displayed by tufts of
principal curvature for the hull surface patches.

Cali points out that “development of a compound curved surface into a flat
pattern is a mathematical impossibility.” Based on this the problems are
essentially related to the acceptance of the approximation and lack of allowance
by the shipbuilders to account for the inexactness of the approximation for
specific shell plates. The accuracy of the approximation is significantly
influenced by the selection of the seams and butts. The effect of straking to suit
modular construction can create problems by twisting the shell plates. These
problems are addressed by considering the correct “priorities” in defining the
shell seams and butts. These priorities incorrect order should be

e Hull Form Complexity

e Straking - Selection of butts at curvature inflexion points
- Selection of block seams to suit hull shape

o Material Utilization

Coastdesign addresses problems with using small craft developable
surfaces if the designer’s lines must be maintained. They point out that only the
deck edge and the chines should be defined, as the frame sections will be
derived from the developable surfaces in the AutoPlex system. Also for small
craft the shell plate thickness is small and the AutoPlex system ignores it It is
possible to overcome this problem when using thick shell plates in AutoPlex by
contracting or expanding the hull lines. The forming of compound curvature
plates is basically accomplished by applying strain to the flat plate to deform it
into the designed shape. Theoretically, the development of such a plate could
be exact by using a finite element method. However, there is no practical
method of applying *e strain to the plate exactly as required. Also the resulting
deformation would increase and decrease the plate thickness as the plate
material was stretched or compressed. By using a finite element approach,
strain maps are produced by the system. They can be used in the forming
process by showing where most of the strain and thus the application of the
deforming force should be applied.

41



SHELL. EXPANSION >> REVFIT

FILES UXEWS YEXPAND OPTIONS

PROELIJEY RED T ARa

RAH
TOP BORDER SELECT
BOTTONH BORDER SELECT
LEFT BORDER SELECT
RIGHT BORDER sSELECT
EXPAND SELECTED PLATE
ROTATE EXPANDED PLATE

CORRECY STRETCH
Whihn aDph TRIM

Save ueamEp Loy

P A Jfaﬁﬂﬁﬁﬂﬁﬂaﬁazagagaggg;

. ZZé%%ééﬁ?ﬁﬁﬁﬁﬁiﬁﬂgﬁf O
i s s
1’,.'i?mgu"”uyg3?995ﬁ6ﬁGﬂﬁﬁﬁﬂﬁﬂﬂﬁﬁdggggﬁfggggg?

sivg 77

V]

)
e d

Lines
Vertices

99 TaP BORDER
BOTTOM BORDER

36 LEFT BORDER
i6 RIGHT BORDER

nn
N
=]
e

nu
&

1 of vessel with extreme fore/aft deflections in transverse lines
FIGURE 2.3.1

42



Kockums Computer System report that most of the known shell plate problems
can-be resolved by correct-orientation of individual plates to the expansion
curves and use of smaller plates where curvature is large. The AUTOKON
system’s interactive capability makes it relatively easy to try different
approaches for the development of difficult shell plates such as smaller plates,
transverse expansion curves as an alternative to longitudinal expansion curves
and closer spacing of the expansion curves.

Senermar points out that one of the main problems with shell plate
development and forming is the verification of the plate shaping and discusses
two ways that this can be done. Of interest is their use of a longitudinal
template with transverse roll sets as a means for better control. Senermar also
compensates for weld shrinkage, and their system can take care of it in two
ways. First, they can compensate for weld shrinkage in both the transverse and
longitudinal directions by the same or different shrinkage factorsas prefered
and selected by the user, and all coordinates of the developed shell plate are
automatically adjusted. Second, instead of shrinkage factors, a constant
allowance can be added to any of the plate edges.

2.4 Foreign Shipbuilding Situation

An attempt was made to obtain the viewsof foreign shipyards on this
matter by contacting four foreign shipbuilders. Unfortunately, they all chose
not to participate. As an alternative, papers presented by foreign shipbuilders
on the subject (4,5 and 6) were reviewed to obtain some idea of their
thinking/problems. From this review, and personal discussions between the
team and foreign shipbuilders, it can be stated that they do not see the shell
development problem as much of a problem as some of the U.S. shipyards see
it

Their message is that successful shell plate forming and erection is as much
or more dependent on the material handling and forming equipment and the
skills and training of the forming and erection workers, as it is on the computer
aided lofting method capability.
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3.0 AIRCRAFT INDUSTRY PLATE DEVELOPMENT PROBLEMS
3.1 General

The aircraft industry has some problems that are similar to shipbuilding
and others that are unique. As already reported, early aircraft lofting used
shipbuilding lofting techniques and loftsmen. Most existing aircraft
manufacturers have their own computer aided lofting system. They have
special attributes to handle their unique needs.

The simple shaped plates in the fuselage, wings and tail present no
problems. It is the leading edges of the wings and tail, forward and aft ends of
the fuselage and engine nacelle leading edge.

The problems are handled by different approaches depending on need as
follows

. Sheet stretching or hammer forming over dies
| Sheet shot peening
. Composite molds

Where plate development is performed it is done by multiple triangulation
and stock is provided for fit up.

44



4.0 DESCRIPTION OF CAL SHELL PLATE DEVELOPMENT METHODS
4.1 General

The six participating CAL developers’ reports, in which they describe their
shell development methods, are reproduced in Appendix 9.1. A brief discussion
of their methods is first given for each system and then a summary of them all is
presented.

The discussion will emphasize both similarities and differences of the
systems and highlight any unique and production oriented (shipyard useful)
attributes. For a full understanding of the different systems, the reader is
referred to the appendices.

It should be obvious that a successful shell development system must be
part of a total system that has a successful fairing system. It should be equally
obvious that experienced loftsmen/users are required to develop successful
lines. This study assumes that this condition exists for the participating CAL
developers. Further, that the CAL fairings must produce fair and smooth hull
surfaces with no bumps or hollows.

4.2 Albacore Research Ltd

Albacore Research Ltd. is a relatively new PC based system. It developed
from research work carried out at the University of British Columbia Albacore
Research Ltd. has its office in Victoria, B.C.

The Albacore Research Ltd. system is called ShipCAM3. ShipCAM3 is an
integrated shipbuilder’s software package which includes tools for
computerized fairing lofting, developable surface expansion and shell
expansion. It has been specifically developed for the small and medium sized
shipyards, but also large shipyards may find it useful. It runs on IBM PC
compatible computers. ShipCAM3 closely integrates with off-the-shelf CAD
programs, such as AutoCAD. ShipCAM3 passes the geometric data such as
faired lines, frames and developed shell plating to CAD systems for detailing.

ShipCAM3 has been marketed for two years. The WELL EXPANSION
module has been used for about one year.

ShipCAM3 has two separate expansion modules, one for developable
surfaces and one for compound curved surfaces. The PLATE EXPANSION
module is used for developable surfaces and the SHELL EXPANSION module is
used for compound curved surfaces.
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The PLATE EXPANSION module operates on developable surfaces created
by ShipCAM3.

The SHELL EXPANSION development method is based on triangulation of a
surface mesh. The surface mesh may be created by ShipCAM3 itself or
imported from other programs, including ship design programs, such as
FASTSHIP/YACHT or AutoSHIP.

The SHELL EXPANSION program has a fully integrated graphical user
interface. The result of a performed shell expansion is immediately displayed
on the screen for visual inspection. Atypical expansion takes less than a second
to compute.

Unique outputs are a “strain map” and “longitudinal stretching table”
which gives data that assists the plate developer to decide if plate development
Is acceptable and the eventual operator who will form the plate to see whereto
apply the greatest force to deform the plate into its desired shape. Figure 4.2.1 is
an illustration of the strain map but it unfortunately does not show the usual
colors. Shading has been used instead.

The system does not output a hard copy of a detailed plate sketch nor the
N/C code. All plate geometry information, including the strain map must be
exported to a CAD system for detailing and nesting and to another module for
the N/C code. Also, currently the plate seams and butts must be mesh lines or
parallel to the three principal planes, Any deviation from this must be done in
the CAD system.

In developing a plate, ShipCAM3 only allows the longitudinal mesh lines to
change length. It holds the transverse mesh line’s length constant..

4.3 BMT ICONS Limited

BMT is one of the early mainframe computer shipbuilding CAL systems. It
was originally developed by the British Ship Research Association and, not
surprisingly, was named BRITSHIPS. L.ike all of the early systems it has been
continuously improved in all its areas of application. It is a complete
shipbuilding CAD/CAM system for producing drawings, material definition,
production shop sketches and N/C data It covers hull geometry, structure,
piping and outfit It is also integrated with the usual naval architecture and
other design systems. A PC version has been offered since 1991. The head
office of the BMT group of companies is in Teddington, England. They also
have an office in Arlington, Virginia. BMT ICONS Limited is responsible for all
software and has its office in Wallsend, England.
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The shell development algorithm is a modified two-dimensional multiple
triangulation, approach.which commences at an identified convenient point in
the center region of the plate. The algorithm is used progressively and works in
general terms up and down to both seams and forward and aft to both butts.
Up to eight-sided plates can be handled.

The basic BRITSHELL software has been in practical use for about 20 years.
The triangulation process has been recently modified to benefit from the fact
that the surface data input from the associated SHELLDEF system are now equi-
girthed on frames. Furthermore, spline curve fitting has been introduced for
the row, column and diagonal girth calculations, with due regard for frames
with associated knuckles.

A three-dimensional surface definition is used as the basis from which to
derive the necessary shell plate characteristics. An appropriate net of surface
points is used to transfer the plate data to the shell development algorithm.

The user is provided with the ability to assess the fairness of curves on the
surface, and the curvature of the local surface itself, so as to identify a
convenient plating arrangement which best fits regions of double curvature.

The SHELLDEF system permits the user control over which frames are used
to define the net of points. Points up each frame are based on equi-girth
distances. Sufficient intermediate frames are automatically introduced so as to
give aminimum of ten defining frames. This has been found to be satisfactory
for most cases.

Plates are developed with respect to their mid-thickness surface. Negative
thicknesses maybe specified as for naval ships where the outside of the plating
is the molded line. The net of frames data from SHELLDEF is assumed to
represent the molded surface. In BRITSHELL these data are first corrected for
the thickness of the material before the development process is commenced.

To begin the triangulation process, a central pair of adjacent frames is
identified, with due regard to the position of the knuckle frames, and
developed. Next a central row pair is developed. The development process is a
triangulation which is based on girths calculated between adjacent points of the
net, including a set of diagonals in the two central bands one in the direction of
the frames and the other across the frames.

For each triangle processed, the user is warned of possible high aspect
ratios of max/min lengths of sides and/or the max/min angles of the triangle. If
warnings of such severe triangulation occur then it may be advisable to define
additional frames in SHELLDEF (simply by prompting the system to draw them)
and to then repeat the plate definition and development
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Independent triangulation of the four remaining portions of the plate is
then carried out using a method that tends to preserve the overall seam and
butt girths for matching of adjacent patches.

The above development process is summarized in Figure 4.3.1 which is a
reproduction of Appendix 9.1.2, Figure 4.

The algorithm provides methods to develop frame, waterline and interred
structure traces with the shell plate as well as a roll line for each plate. A sight
line can optionally be marked, as a production aid, together with frame sets
information, for the correct forming of the plate.

The approach also provides checking dimensions for manual verification of
the developed plate and its markings when required by a shipyard’s Quality
Assurance Department as shown in Figure 4.3.2 which is reproduced Figure 6
from Appendix 9.1.2.

4.4 Cali & Associates, Inc.

Cali & Associates is the only U.S. developer of a main frame computer
shipbuilding CAL system. It was first developed in the late 1960’s and has
undergone continuous improvement since then into the current SPADES
system. It is primarily a structural design and lofting system which is integrated
at the design end to the usual naval architectural calculations and at the other
end to production/material control.

It has recently been reprogrammed to run on the IBM RISK 6000 work
station.

Cali & Associates’ office is in Metairie, Louisiana with an associate office in
Italy.

SPADES uses two methods for shell plate development, namely the ‘Girth
Length’ and ‘Triangulation’ techniques.

The Girth Length method would only be used when the majority of the
plate is flat and little or no double curvature exists on the curved portion. With
this method, the program uses the flat portion as the development plane with all
the girth computations from the flat edge towards the tangent curve. The
portion of the girth falling on the curved surface is rotated to account for the
increased girth in the normal direction, leaving the flat portion undistorted.
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The Triangulation method is used for all plates with double curvature. The
program is based on three space points to define a circle, and the girth length is
calculated from the circular arc length. The degree of approximation is a
function of the amount of curvature in the direction of the diagonal (true girth
versus arc girth). The program has a built-in checking routine with warning
messages printed during the development, when the cross diagonal yields
results with more than one sixteenth of an inch (1/16) deviation.

The plate development process in SPADES is performed with procedures
contained in two modules, namely the ‘Plate Development Module’ and the
‘Part Generation Module’.

The plate development module is limited to a plate with two seams (upper
and lower) and two butts which must be parallel to the plane of the frames.
Plates that do not have this type of boundary configuration must be developed
in the part generation module.

In the part generation module, boundary definition can be contours and/or
butts and seams with the plate capable of being subdivided into ‘multi-parts’,
each of which can be developed with the same techniques as in the plate
development module. The final development is achieved by the combination of
the ‘multi-parts’.

The user chooses which method of development should be employed and
the system automatically applies the development from the flat or least curved
side of the surface to minimize the error propagation. The transverse contour is
divided into multi-sections, up to eight (8), to get the best approximation of the
diagonal girth used in triangulation.

The SPADES shell development method is different to the other methods in
that it starts the development of the plate at the end of the plate rather than the
center. This results in a useful attribute where the user has the option to
override the decision made by the system in order to cross check the output of
the developed parts for the compound curved plate, by forcing the development
from the opposite end of the plate. The two patterns can then be compared for
the amount of deviation between them. Where the deviation is significant,
excess stock can be provided.

Also in the part generation module, the user has the ability to manually
develop the plate using triangulation techniques consisting of grid definition
and manipulating the direction of the development The technique of opposite
end development is also used when deemed necessary.
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4.5 Coastdesign, Inc.

Coastdesign, Inc. is the developer of the AutoShip and AutoYacht PC based
hull design, fairing and lofting system. Both programs were offered on a licence
basis in 1986 and the number of users has grown to over 450 worldwide.
Coastdesign is located in Surrey, British Columbia

The programs interface with the AutoCAD system providing an integrated
design, drawing and lofting system and with the GHS Naval Architecture system
for the usual calculations.

Coastdesign uses two programs for shell development, namely AutoPlex
and AutoPlate.

The AutoPlex program is based on developable surfaces and must be used
at the design stage to generate a hull which may be plated by pure bending and
with no stretching or thinning to form the resulting plates.

The AutoPlate program method handles plates to be expanded on any
shape of hull and takes into account the strain required to form the plate. The
term compound curved is used to describe these types of surfaces which cannot
be formed purely by bending. The amount of compound curvature is
measurable as gaussian curvature. The geometry of the hull for use in Autoplate
is provided by a hull design and fairing program called AutoShip which can
either be used to create a hull design or to match the geometry of an existing
hull.

Autoplate expands a patch on the hull by a finite element method. The
patch is represented by a series of points or nodes on tie hull surface. The
length of geodesic paths are measured between adjacent nodes. These geodesic
lengths are later used to define the relative positions of nodes in the 2
dimensional case. Since the surface patch may have compound curvature, the
link lengths (geodesic distances) must be altered slightly in the 2 dimensional
case. The factor by which the link lengths must be changed is equivalent to the
strain required to form the 3-dimensional surface from the 2 dimensional
starting blank A large number of simultaneous equations must be solved in
order to arrive at the nodal positions with their associated strains. This method
of plate expansion is protected by U.S. patent laws. It is used by Coastdesign
under licence from AeroHydro Inc.

The shell plate drawing is not an output from the shell development system.
Data must be transferred to AutoCAD to prepare the final useable drawing.

A unique attribute from AutoPlate is a sketch showing strain contours. Like

the ShipCAMS3 strain map, the strain contour sketch can be used by both the
plate developer and ythe operator forming the plate.
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4.6 Kockums Computer Systems AB

Kockums Computer Systems is a group branched off Kockums Shipbuilding
in Malmo, Sweden. Although Kockums Shipbuilding had developed its own
mainframe computer shipbuilding system called STEEBEAR, it acquired the
Norwegian AUTOKON system and just recently the German Schiffco computer
system. As AUTOKON has been used in the U.S. and Canadian shipyards since
1968, it was selected for this study.

AUTOKON is currently offering a work station version of its system. Like
the BMT system, AUTOKON is a ‘total” shipbuilding system covering structure,
piping and outfitting and is integrated at the front end with naval architectural
calculations and hull shape design.

The shell plate development method uses a 3D model built up by
sculptured and planar surfaces. All curves describing the hull of a ship or
floating structures are stored in the sculptured surface. Curves can be
developed interactively by the user using crosshair points, 3D input points or
points picked from other curves.

The shell plates are defined using the same set of commands as for defining
plane parts. Commands are used for adding thickness, excess, shrinkage or
other auxiliary functions. The user can choose from crosshair pointing on plate
corners or interactively typing the limiting seam curves’ names. A shellplate can
have a maximum of 99 limiting seams. This means the shellplates can have
maximum 99 corners. Marking curves are stored according to user given
options. Internal structures as bulkheads, etc., limited by the shell, will consider
the plate thickness. Commands are available to calculate the unexpanded
plates’ attributes such as area, weight and center of gravity in ship coordinates.

Jigg and templates are calculated on user request

Once the plate has been described, the user requests the system to expand
the plate. A unique attribute is that the user has the option to develop the plates
using longitudinal, transverse, or lateral curves. A rolling line is automatically
generated.

Each plate is expanded on a more or less rectangular grid. The grid is
defined by expansion curves. The geometry of expansion curves is taken from
the 3D model. Expansion curves can be transverse frames, water lines or
buttocks. Using the outer contour of the part, the program selects a subset of
expansion curves, and then a certain piece of each curve. The arc of this piece
is divided into 4 to 20 pieces giving 5 to 21 XYZ points on each curve. The
spacing between pairs of expansion curves is then developed by triangulation,
giving U-V coordinates, and the patches thus formed are nested together in a
plane. During the triangulation the system uses true girth along expansion
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curves and circular interpolation between curves in the other direction, not just
straight lines between points.

XYZ points are 3D points in ship coordinates. W points are 2D local points
in the expanded plane. The program computes a set of Coon’s patches for the
XYZ grid. This enables a mapping from XYZ points to W points for the plate.
Such point sets are found for all curves on the plate, and finally planar curves
are faired through the point sets, giving the geometry of the expanded part

The system calculates a basis line for the expansion. This line crosses all
the expansion curves. The system starts the triangulation and nesting from this
curve and works outwards down on pairs of expansion curves. During the
nesting process of the expanded patches the system determines the stretch or
compression for the plate.

A unique attribute is the classification of plates into Classical (or
Traditional) and Specific. Based on this differentiation, the system generates
the expansion grid in two very different ways that affects the way plates should
be treated in the problem areas.

The ‘Classical’ plate has 4 edges. Two edges are on expansion curves, that
is, butts, and the other two are the classical upper and lower seam. For such a
plate, the system selects the expansion Curves between the butts, and uses the
arcs of these curves between lower and upper seam. This is enough to get a
good grid system and a correct development

If these requirements are not met, the system uses an extra expansion curve
beyond each end of the plate. The user can also tell the system to treat some
curves as limitation curves for the grid. For example, when the curve is a
knuckle curve (chine).

4.7 Senermar

Senermar is a Spanish Ship Design Consultant headquartered in Madrid.
Their FORAN system is a mainframe computer total shipbuilding system
covering design to manufacturing in all areas. Their system is unique for a
number of reasons.

First, it developed as a computer aided design system, providing the
contract design drawings in the late 1960’s. It developed overtime into the
preparation of the detail design drawings and then into the lofting and
manufacturing information area.

Second, it overcomes the fact that the hull surface of a ship is
undevelopable in a mathematical sense by approximating the ship hull surface
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for each plate by a set of analytical developable surfaces. This shell
development approach has beeninuse since 1972.

The shell development method is based on a substitution of the hull surface
of the ship around the zone of a shell plate by the best fitting mathematically
developables surfaces (cylinders and/or cones). The only practical limitation of
the algorithm is that the surface of the hull, inside a shell plate, has to be
continuous or, in other words, a shell plate must not have knuckles inside the
plate boundaries. This means that knuckles must be edges of the plate.

To obtain a high accuracy each plate is internally broken down into
mathematical domains. This is performed automatically and for each domain
the adjusted surface parameters are calculated. Then, plate development is
obtained as the addition of consecutive domains. This uniquely parallels the
way the shell plates are actually processed in the workshops, where press
machines and bending rolls are used to form the plates.

In addition to the cutting marking and bending information, other useful
values to help manufacturing such as developability index, minimum length of
the bending machine, main generatrix position and information for checking
both bending and cutting are provided.

The shell plate is defined as an area of the hull of the ship limited by four
curves. The two more or less transverse lines will be named as butts and the
other two, more or less longitudinal, as seams.

The definition of the plate boundaries is accomplished in an interactive
graphic way and their results are stored in a common data base.

A shell panel is defined by the user by selecting graphically the four lines
limiting the panel and some general attributes such as panel margins, key of
symmetry and assembly/subassembly block assigned to the panel.

Finally, in the shell plate definition process the user indicates the thickness
and steel quality, and, optionally the shrinkage factors to be considered when
developing the plate.

As aresult of the shell plate creation the program develops the part,
calculates the minimum rectangle circumscribing the developed contour and
assigns, automatically, the gross plate that produces minimum scrap according
to the plate’s catalogue of the shipyard. If the result is not acceptable, the user
has the option of changing the topological definition of seams and butts and
recalculating the plate in order to reduce the scrap percentage.
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4.8 CAL Developers Shell Plate Method Summary

The six participating CAL developers can be grouped into two PC based and
four main frame based systems. However, all the main frame based systems are
currently offering stand alone and networked work station versions of their
systems.

All systems except Senermar’s FORAN use triangulation of many small
panels formed by four 3-D space points to obtain the flat developed shape of the
plate. However, each uses a slightly different application. Senermar use a
unique approach of building up the surface definition for each plate from a
number of analytical mathematical surfaces and then developing each one of
the set of surfaces and nesting them together to obtain the flat developed shape
of the plate. The SPADES system starts its development at one end of the plate
whereas all the others start in the middle.

All systems except ShipCAM3 and AutoPlex/AutoPlate automatically take
care of plate thickness and its location relative to the molded line.

All programs provide an N/C code output and a hard copy sketch of the
developed plate and its marking. However, ShipCAMa3 requires the use of an
independent CAD system to accomplish this. They all provide manufacturing
aid information. ShipCAM3, AutoSHIP and AUTOKON all offer different
versions of plate strain information which can be used by the plate developer to
help decide if developed plate is acceptable, and by the forming operator to
show where the deforming force should be applied and to what extent

Table 4.8.1 presents a summary of the participating CAL developers shell
development systems.
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TABLE 4.8.1 - PARTICIPATING CAL DEVELOPER SYSTEM DESCRIPTION SUMMARY

COMPANY'S NAME
SYSTEM'S NAME
AVAILABLE SINCE
USER INTERFACE

HARDWARE
REQUIREMENTS

DATA INPUT

SURFACE MODELLING

SHELL DEVELOPMENT
APPROACH

PLATE MARKING

UNIQUE ATTRIBUTES

GUIDELINES

TIME FOR TYPICAL PLATE
DEVELOPMENT

ALBACORE RESEARCH
ShipCAM3
1990
INTERACTIVE GRAPHICS
PC

FROM OFFSETS VIA SYSTEM
FAIRING PROGRAM. ALSO
FROM OTHER SHIP CAD
SYSTEMS.

MESH USING 4TH ORDER B-
SPLINES GENERATES 3D
VERTICES ON SURFACE.
VERTICES JOINED BY
STRAIGHT LINES.

COSINE LAW SINGLE
TRIANGULATION OF
STRAIGHT LINES BETWEEN
VERTICES. STARTS IN
MIDDLE OF PLATE AND
DEVELOPS MESH COLUMN

DEFORMATIONIN
LONGITUDINAL DIRECTION.

ONLY MARKS WATERLINES,
FRAMES AND BUTTOCKS ON
PLATE

STRAIN MAP.

LONGITUDINAL
DEFORMATION TABLE.

MESH SHOULD BE SIZED SO
THAT THERE IS ONE
VERTEX FOR EACH CURVE
FOR EACH 3 DEGREE
CHANGE IN DIRECTION

1 SECOND

BMT ICoNS LIMITED
BRITSHIPS
1966
INTERACTIVE GRAPHICS

MAINFRAME, WORK
STATION AND PC

FROM SYSTEM FAIRING AND
HULL SURFACE DEFINITION
PROGRAM.

SURFACE DEFINED BY BI-
CUBIC B-SPLINE PATCHES.
TYPICALLY 50 PATCHES FOR
ONE SIDE OF A SHIP'S HULL.
ANET OF SURFACE 3D
POINTS FOR ALL DEFINED
SURFACE CURVES IS USED
FOR THE SHELL PLATE
DEVELOPMENT. NET
POINTS ARE JOINED BY
SPLINES.

SINGLE TRIANGULATION
FOR EACH SET OF FOUR NET
POINTS. STARTS IN THE
MIDDLE OF THE PLATE,
DEVELOPS TOWARDS THE
SEAMS AND THEN ALONG A
CENTRAL BAND TOWARD
BOTHBUTTS. REMAINING
FOUR PORTIONS OF FLATE
ARE DEVELOPED INAWAY
THAT TENDS TO MAINTAIN
THE OVERALL SEAM AND
BUTT LENGTHS TO
PRESERVE MATING WITH
ADJACENT PLATES

ANY DEFINED CURVE/LINE
ON SURFACE. ROLL LINE
AND SIGHT LINE (OPTIONAL)

ABLLITY TO ASSESS
FAIRNESS OF SURFACE
CURVES AND LOCAL
SURFACE CURVATURE.
PLATE CANHAVE UP TO 8
SIDES TRIANGULATION
ASPECT RATIO VARIATION
WARNING. PROVISION OF
CHECKING DIMENSIONS.
ABILITY TOHANDLE ZERO
GIRTHBUTTS. CANHANDLE
8 SIDED PLATES. INPUT AND
OUTPUT UNITS CAN BE
DIFFERENT. CAN ADJUST
FOR WELD SHRINKAGE

LESS THAN 1 MINUTE
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CALI & ASSOCIATES, INC.
SPADES
1913
INTERACTIVE GRAPHICS

MAINFRAME ANDWORK
STATION

FROM SYSTEM FAIRING
PROGRAM

GRID OF 2-D CURVES
(TRANSVERSE AND
ARBITARY LONGITUDINAL)
PLUS 3-D BOUNDARY
CONDITION CURVES

USES BOTH GIRTHLENGTH
FOR SIMFLE PLATES AND
SINGLE TRIANGULATION
FOR COMPOUND
CURVATURE FLATES.
WORKS FROM PLATE END
CLOSEST TO AMIDSHIFS. a
GRID OF UPTO9BY 50
POINTS ISUSED FOR
COMPUTING SURFACE
DISTANCES BETWEEN
POINTS. THE COMPUTED
DISTANCES ARE THE USED
TO TRIANGULATE THE
POINTS INTO THE
EXPANDED PLANE.
TRIANGULATED POINTS
ARE EVENTUALLY CURVE
FITTED TO CREATE THE
FINAL OUTPUT OF THE
PLATE OUTLINE AND ALL
INTERNAL LAYOUT.

ANY DEFINED CURVE/LINE
ON SURFACE AND ROLL
LINE

USE OF OPTIONAL REVERSE
END DEVELOPMENT AS A
CHECK ON NORMAL
DEVELOPMENT. EXTENT
OF DIFFERENCE CAN BE
USEDTODECIDE NEED
FOR STOCK.

USES OPPOSTTE DIAGONAL
AS A CHECK ONGRID
DISTORTION.
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COMPANY'S NAME

SYSTEM'S NAME
AVAILABLE SINCE
USER INTERFACE

HARDWARE
REQUIREMENTS

DATA INPUT

SURFACE MODELLING

SHELL DEVELOPMENT
APPROACH

PLATE MARKING

UNIQUE ATTRIBUTES

GUIDELINES

TIME FOR TYPICALPLATE
DEVELOPMENT

TABLE 4.8.1 (CONTINUED)

COASTDESIGN, INC.

AutoSHIP
1972
INTERACTIVE GRAFHICS
PC

FROM HULL DESIGN AND
FAIRING SYSTEM PROGRAM

USES 1ST, 2ND AND 3RD
ORDER B-SPLINES IN
TRANSVERSE DIRECTION
AND CUBIC POLYNOMIAL
SPLINES IN LONGITUDINAL
DIRECTION.

AUTOPLEX DEVELOPABLE
SURFACE PROGRAM
DETERMINES RULE LINES
BETWEEN LONGITUDINAL

AUTOPLATE FOR
COMPOUND CURVATURE
PLATES USES A PATENTED
FINTTE ELEMENT METHOD
TO EXPAND SURFACE
PATCHES WHICH ARE
REPRESENTEDBY 3D
POINTS OR NODES. THE
GEODESIC CURVE LENGTH
(GEODESICCURVE IN3DIS
STRAIGHT LINE IN 2D)
BETWEEN NODES AND USES
IT INA SILIMAR WAY TO
SINGLE TRIANGULATION.

STRAIN MAP

10 MINUTES

KOCKUMS COMPUTER
SYS.AB

AUTOXON
1968
INTERACTIVE GRAPHICS
MAINFRAME
WORK STATION

FROM SYSTEM DESIGN AND
FAIRING PROGRAM

3D MODEL OF SHIP'S HULL
CONSISTING OF
SCULPTURED AND PLANAR
SURFACES. SCULPTURED
SURFACE STORED AS MESH
OF LINES

USES GRID OF EXPANSION
CURVES AND CROSSING

INTO 4 TO 20 PARTS GIVING
5TO 21 3DPOINTS ONEACH
EXPANSION CURVE. PATCH
OF PLATE BETWEEN EACH
EXPANSION CURVE AND
EACHCROSSING CURVE IS
DEVELOPEDBY
TRIANGULATION USING
TRUE GIRTH LENGTHON
THE EXPANSION CURVES
AND CIRCULAR
INTERPOLATION BETWEEN
OTHER CURVES. OBTAINS
2D POINTS FOR DEVELOPED
PLATE VIA COON'S PATCHES
FOR3DGRID

ANY DEFINED CURVE/LINE
ON SURFACE AND ROLL
LINE

'USER OPTION TO SELECT
DIRECTION AND NUMBER
OF EXPANSION CURVES.

CANHANDLE PLATES
CROSSING CENTER LINE.

CANHANDLE UP TO 99
SIDED PLATES.

CAN ADJUST FOR WELD
SHRINKAGE.

CALCULATES STRETCH AND
COMPRESSION IN FORMED
PLATE.

5TO45 SECONDS
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SENERMAR

FORAN
1972
INTERACTIVE GRAPHICS
MAINFRAME
WORK STATION

FROM SYSTEM DESIGN AND
FAIRING PROGRAM

3D MODEL OF SHIP HULL
CONSISTING OF
PARAMETRIC SURFACES

TRANSFERS HULL SURFACE
FOR EACHFLATE INTO SETS
OF DEVELOPABLE
SURFACES (CYLINDERS
AND CONES). USES NET OF
65 POINTS DETERMINED BY
INTERSECTION OF 13

CHECKS MEAN SQUARE
ERROR AND DEVIATION
BETWEENREAL AND
ADJUSTED SURFACES. MAY
SELECT MORE THAN TWO
CONIC SURFACES IF VALUE
OF GAUSSIAN CURVATURE
IS GREATER THAN A
PREDETERMINED VALUE.
THIS ALL OCCURS
AUTOMATICALLY BASED
ONMANY YEARS OF
EXPERIENCE WITH THE
SYSTEM.

ANY DEFINED CURVE/LINE
ON SURFACE ANDROLL
LINE

CAN HANDLE BUTTS THAT
ARE NOT PARALLEL TO
FRAME LINES. CAN ADJUST
FOR WELD

SHRINKAGE AUTOMATICAL
LY REORIENTS PLATES IN
WAY OF FLAT OF SIDE AND
BOTTOM TANGENCY LINES
TO AVOID HIGHVALUES OF
DERIVATIVES OF 3D POINT
CONVERSIONTO 2D
POINTS.PRODUCTION AIDS
SUCH ASFLAG TOSHOW IF
PLATE CAN BE CUT WITH
PARALLEL TORCHES.
CHECKING DIMENSIONS
AUTOMATICALLY GIVEN TO
IMPROVE PLATE USAGE



5.0 CAL SHELL PLATE DEVELOPMENT LIMITATIONS
5.1 General

U of the participating CAL developers were requested to report limitations
of their shell development system. Again, these are reproduced in Appendix 9.1.
Specifically, they were asked to report on shell plate limitations such as

Maximum or minimum length

Maximum or minimum width

Plate thickness

Maximum backset

Minimum curvature in any direction

Limit of twist

Ratio of backset to length

Ratio of curvature to width

Ratio of minimum curvature to plate thickness

As it turned out the items suggested in the above list were not limitations
for most of the CAL systems.

5.2 CAL Developers Shell Plate Limitation Summary
The following description highlights identified limitations.

Albacore have no known limitations. However, they do point out that their
system has only been in use a few years. In addition, their system does not
currently automatically take plate thickness relative to molded line into
account

BMT also has no real system limitations. Actual shipyard installation
capabilities are dictated by the available material size and handling/processing
capabilities of the shipyards rather than their system. Based on this experience
these “practical limitations™ are

Maximum length 66 feet
Maximum width 16 feet
Maximum back set 1.5 inches for rolled plates

BMT also points out that special treatment must be given to soft nose stem and
transom plates due to their basic shell development approach rather than
degree of “difficulty” of the plate shape.

Coastdesign point out that the AutoPlex system is only for developable
surfaces and thus cannot handle reverse double curvature plates such as a
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flared bow even in a hard chine hull form. Also, that chines must be plate
boundaries.

The AutoPlate system is unable to give a rolling line because of the
development approach and it cannot develop a plate with more than 4 sides. It
cannot automatically add stock, and plate thickness is not taken into account

The AUTOKON system limitations are only in the area of number of
expansion curves and the number of subdivisions for each expansion curve.
However, these are well beyond the needs of any shell plate.

FORAN has two limitations. The first is for spherical surfaces of small
radius. However, it can be handled by dividing the plate into two smaller plates.
The second is concerning the angle between the transverse tangents at the
upper and lower seams. If it is greater than 90 degrees the plate must be divided
into two plates by adding a seam. It is possible to join the two developed parts
of the plate by nesting and avoid cutting the added seam.

Table 5.2.1 presents a summary of the limitations of the participating CAL
developers shell development systems as reported by them.
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SYSTEM'S
LIMITATIONS

MAX/MIN LENGTH
MAX/MIN WIDTH
PLATE THICKNESS
MAX BACK SET

MIN CURVATURE
LIMIT OF TWIST
BACK SET/LENGTH
CURVATURE/WIDTH
MIN CURV/PLATE THK

OTHER

USES MESH LINES AS
PLATE BOUNDARIES

DOES NOT HANDLE
PLATE THICKNESS

A AsiAE IS AARAwand VAsTeS

AUTOMATICALLY

CAN ONLY MARK
WATERLINES, FRAMES
AND BUTTOCKS. DECKS
WITH CAMBER/SHEER
AND LONGITUDINALS
CANNOT BE MARKED
NOROLL LINE, ROLL

SETS OR PIN JIG
CAPABILITY

AL IO DD TD ANQDTD
MUoL DL 3 M‘UI'DI\ED

TO ACAD SYSTEM FOR
DETAILING

aral s s aansas s

ONLY ADDS STOCK TO
BUTTS. NO CAPABILITY
TO ADD STOCK TO
SEAMS

BMT ICoNS LIMITED

BRITSHIPS

66FEET/3FEET

[V aogrdotsalo} ogod ol of
AL IIOFLD

SYSTEM BASED ON
BUTTOCK VIEW
DEFINITION OF SHELL
PLATE. THEREFORE,
CURRENTLY, SOFT
NOSE STEM AND

T ANIGMNLE DT ATTO
ARAINOVIVA S L LO

REQUIRE
INTERMEDIATE
MANIPULATION

MAXIMUM OF 8
SEGMENTS PER
TRANSVEKSE CURVE
SHELL PLATES LIMITED
TO TWO SEAMS AND
TWO BUTTS. PLATES
WITH MORE
BOUNDARIES OR WITH
BUTTS THAT ARE NOT
PARALLEL TO FRAMES
MUST BE DEVELOPED IN
PART GENERATION

PROGRAM

COASTDESIGN, INC.

AutoSHIP

DOES NOT HANDLE
PLATE THICKNESS
AUTOMATICALLY
DOES NOT ADD STOCK

DOES NOT HANDLE
PLATES WITH MORE
THAN FOUR
BOUNDARIES

MUST BE TRANSFERED
TO CAD SYSTEM FOR
DETAILING

NO ROLL LINE, ROLL
SETS OR PIN JIG
CAPABILITY

KOCKUMS COMPUTER

SYS. AB
AUTOKON

100FEET/ -
100FEET/ -

MAXIMUM NUMBER OF
EXPANSION CURVES IS

enn

1w

MINIMUM OF 4 AND
MAXIMUM OF 20
SEGMENTS PER
EXPANSION CURVE

FORAN

SMALL RADIUS
SPHERICAL SURFACES
MUST BE DIVIDED INTO

SMALL PLATES

PLATES WITH
EXCESSIVE CURVATURE
IN TRANSVERSE
DIRECTION SUCH THAT
ANGLE BETWEEN
TRANSVERSE
TANGENTS AT UPFER
AND LOWER SEAMS ARE

MDD ATED TITAN ON
VURDALLDN ARLIUSY 7V

DEGREES MUST BE
SPLIT INTO TWO PLATES
BY ADDING A SEAM

Cl
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6.0 SELECTION OF FIVE TEST CASES FOR PHASE Il OF PROJECT
6.1 General

In the Proposa.l and the Subcontractors’ Technical Specifications for Phase
I, five areas of a ship’s hull that can be considered “problem” or “difficult” shell
plates, from the point of view of successful development, were identified. The
intent is to actually have the six participating CAL developers develop identical
shell plates representing these “difficult” areas in Phase Il of this project

While it would be possible to generate five new hypothetical plates, it was
considered beneficial to the project to invite the participating CAL developers to
propose existing shell plates from their inventory that matched the required test
cases. Any such offer had to be made on the understanding that the offered test
cases could be given to all other participants for them to develop each one.
Because of this requirement, one of the participants was unable to offer to
supply the test cases. Two others chose not to propose any. Three of the
participants offered shell plate examples for the test cases.

There is no intent to evaluate any of the Phase Il development results. The
resulting data will simply be presented for review and use by interested readers.

6.2 Description of Required Test Cases

The participating CAL developers’ reports confirmed the early definition of
‘difficult’ shell plate regions on a ship’s hull. Five test case shell plates were
identified in the Phase | Proposal and the Subcontractor Technical
Specifications. They are shown in Figures 6.2.1 through 6.2.3.

Case 1 is a plate in the region where the normal hull shape in the bow
transitions into the top of a bulbous bow. It involves reverse double curvature
and twist

Case 2 is a plate in way of the top of a single screw aperture. It involves
more than 4 sides, both reverse and regular double curvature and twist

Case 3 is a plate in way of the hull shoulder close to the flat of side tangency
curve. It only involves double curvature.

Case 4 is a plate where the upper seam is the erection seam and is in the

horizontal plane to suit block construction. It involves double curvature and
twist
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. Finally, Case 5 is a plate which is adjacent to the underhung faired, bulbous
bow, sonar dome found on many current warships. It aso involves reverse
double curvature and twist

6.3 Description of Selected Test Cases

The shell plating examples submitted by BMT were considered to be the
most complete and best matched the required test cases.

Figures 6.3.1 through 6.3.12 show the selected test cases.
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7.0 TEST CASE COVPARI SON
7.1 GENERAL

For each of the five test cases, the following data was provided to and used
by each participating CAL devel oper in Phase Il of the project

1. Ofsets for sections, waterlines and buttocks in way of each plate

2. IGES format hi-cubic B-spline surface patches in way of each plate.

3. Definition of seams and marking curves

4. Body, profile and plan views for each plate labeled for seans, butts and
marking curves

Each CAL participant transfered, and converted where necessary, this data
into information useable by their system They then devel oped each of the five
test cases and delivered 1:10 scale drawi ngs of the devel oped plates along with
tabul ar data, including coordinates of the developed plate corners, as a means
for quick conparison of the different system devel opnents. 1:10 scale partial
lines were also provided as a neans to check for “causes” of any significant
di fferences between different system devel opnents.

AU of the CAL participants provided more information than required for
this study. The presentations by Senermar and Al bacore Research Ltd., were
inpressive in there neatness and ease of understanding.

All of the CAL participants pointed out that test cases 1,2 and 5 did not
reflect how such plates woul d be approached in actual practice. They all stated
that they would have divided theses test plates into smaller plates. In fact, the
SPADES system would not develop “acceptable” plates, by their normal criteria,
for these test cases

Table 7.1.1 records the coner coordinates for the devel oped plates for the
test cases. There is no way, nor was it the intent to try, to say that one CAL
systemis the best devel opment The purpose of the table and any conparison
is toquickly see if all the systems gave consistent results. It can be seen fromthe
table that this is not the case. Sone of the differences are nmuch larger than
expected. In the following discussion of each test case, any observed cause of
the differences and possible corrective action to avoid the inconsistency is
descri bed.
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TABLE 7.1.1 - COMPARISON OF DEVELOPED PLATE CORNER

TEST CASE 1
BMT

FORAN

KCS
AUTOSHIP
SHIPCAM
SPADES
TEST CASE 2
BMT
FORAN

KCS
AUTOSHIP
SHIPCAM
SPADES
TEST CASE 3
BMT
FORAN

KCS
AUTOSHIP
SHIPCAM
SPADES
TEST CASE 4
AUTOSHIP
SPADES
TEST CASE 4U
BMT
FORAN

KCS

TEST CASE 4L
BMT
FORAN

KCS
SHIPCAM
TEST CASE 5
BMT
FORAN

KCS
AUTOSHIP
SHIPCAM
SPADES

BOTTOM
LEFT

0/0
0/0
0/0
0/0
0/0
0/0

0/0
0/0
0/0
0/0
0/0
0/0

0/0
0/0
0/0
0/0
0/0- -
0/0

0/0
0/0

0/0
0/0
0/0

0/0
0/0
0/0
0/0

0/0
0/0
0/0
0/0
0/0
0/0

COORDINATES
TOP LEFT
0/3406 5196/3526
17/3405 5222/3507
7/3389 5202/3587
0/3400 5200/3510
16/3406 5203/3501
10/3405 5161/3541
818/1019 7912/949
797/1016 7890/946
825/1013 7532/1100
870/1090 7880/1000
881/1024 7889/992
41/1874 8555/2163
47/1865 8587/2178
26/1871 8548/2165
0/1860 8530/2080
6/1871 8519/2166
29/1871 8538/1991
9/3320 5730/1320
158/3392 5761/1094
-90/1720 5649/253
-85/1743 5718/245
-79/1741 5713/257
0/1593 5699/1091
0/1590 5708/1072
0/1592 5679/1082
6/1588 5696/1076
188/3528 15111/2602
35/3503 15293/2752
567/3492 14561/2512
354/3310 15112/2731
98/3518 14968/2861
253/3441 *15541/2566 -
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TOP RIGHT BTMRIGHT

6469/0
6469/0
6488/0
6430/0
6442/0
6450/0

5753/-2198
5741/-2195
5643/-2268
5740/-2130
5700/-2132

8408/0
8401/0
8408/0
8410/0
8409/0
8407/0

5610/0
5609/0

5703/0
5710/0
5693/0

5611/0
5611/0
5609/0
5604/0

16481/0
16259/0
16171/0
16259/0
16109/0
15441/0

BT
CENTER

2159/-226
NO COORDS GIV
2079/-226
2200/-213
2159/-220



7.2 CASE 1- UPPER BULBOUS BOW PLATE

Figures 7.2.1 through 4 show the typical sumnmary sheets provided by
AUTOKON, BMI, FORAN and Shi pCAM The devel oped plate corner
coordinate differences for this plate are up to 86 nmin the length and 58 nmin
the width. An exanination of each 1:10 devel oped plate drawi ng and the
corresponding partial |ines showed no anomalies that coul d have caused the
differences. Some of the CAL participants expressed concern as to the location
of the forward button the center line of the ship at the stem They suggested
that the forward butt should be located aft of the extent of the stemradii
tangency line. The SPADES test case actually inserted such a butt running
parallel to and aft of the stemline at a distance of 200 nm The forward comer
coordinates for the SPADES test data were corrected to account for this in the
table to enable themto be used in the comparison.

Figure 7.2.5 shows the extent of the differences in the outlines of the
devel oped plates for the different CAL systens.

7.3 CASE 2- APERTURE TOP PLATE

The devel oped plate coner coordinate differences are quite significant
ranging from77 mmto 380 nm The difference in shape was quite noticeabl e,
as can be seen fromFigure 7.3.1, which shows the outlines of all devel oped
plates. Again the cause is probably-due to the anmount of data used to define the
ship hull surface in the region.

The test plate is probably the second nost difficult of all the test cases,
having reverse double curvature and twist Considering this all the
devel opments are remarkably close with the exception of the AUTOKON
devel opnent

In actual practice this plate would be split into a number of plates to make it
easier to develop and form Also stock would be provided on the two |ower
edges and aft butt
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PAGE 001

FORAN SYSTEM - MODULE UT06 VERSION 20 RESULTS
DATE - 93.06.15
CUSTOMER - T. LAMB PROJEC CONSTR FNAM
iSCRIPTION OF SHIP - TEST 1+2 TEST12 TEST12 LAMB

PANEL -~ 001 PART - 1

TEST PLATE 1
00 SCALE=1/51

BLOCK - TES1
DESCRIPTION -

FNAM=LAMB DECK=

K = TES1 PAN = .
DLI’\-I..JIII'\I (VA V2N B
- — T T 5 1 1 1 1 .7 a\ I
O O I I I
T A T I T B i 4/ I
T T T T TR SR S BN 5P A B B
A T S T A T S B A
O | R N B PR | : I h
i T T I B R A [ R A
EEEEEErdEEEEENA
wtode 1 04w g g L)
AT
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P
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.. ﬁ' [ I A R A S N A N N A Y N A -
280 282 284 286

N
~J
[~

PLATES TO BE MADE 1 OF QUALITY A
6500 * 3600 15.0 mm.
* . 15.9 0/0

DIMENSIONS GROSS PLATE
1 * 2755 KGS. NET WT.
RTSIDE

GROSS WT.
THE REPRESENTED PLATE IS OF POR
CUTTING
LENGTHS OF THE EDGES : AD = 3407 AB = 6462 BC = 3728 DC = 5206 MM
CURVES EDGES: IDENTIFICATION AD AB BC DC  LENGTH 18804 MM
M
MM

PROCESS OF CUTTING RECOMENDED
LENGTH OF THE DIAGONALS OF DEVELOPED PLATE D.AC= 6288, D.BD= 7286

BENDING
NUHBER OF PARTS TO BEND .ccuecececccsccacoccscsccsccnnnsanncsnasns 1
5

6286 MM

WARPING INDEX ...ccccccccccncccosccocscssosoccsccsasscncsnanansns
MINIMUM LENGTH OF CYLINDER OR PRESS
BENDING PROCESS : DOUBLE CURVATURE
NOTES.-M/MA : MANUAL OR AUTOMATIC CUTTING MACHINE.
-MP : PARALLEL EDGES CUTTING MACHINE.

FIGURE 7.2.3 - TYPICAL PLATE DEVELOPMENT SUMMARY FROM FORAN
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FIGURE 7.2.5 - TEST CASE 1 DEVELOPED PLATE OUTLINES



FIGURE 7.3.1 - TEST CASE 2 DEVE.LOPED PLATE OUTLINES



7.4 CASE 3- FORWARD SHOULDER PLATE

The devel oped plate conmer coordinate differences are quite large,
especially in the width. This plate, although it appears sinple, has been
reported to be a problem for many shipbuilders. The “hidden” problemis that
its surface crosses the bottom tangency line, going froma flat surface to double
curvature. This problem resulted in the forward comers having differences up
to 66 nmin the length direction and 177 nmin the width direction

Figure 7.4.1 again shows the extent of the differences in the devel oped
plates by superinposing the outlines for the different CAL systens.

In this case these differences are entirely due to the devel opment nethods
in that the surface was adequately defined by the data

To reduce the inpact of this problem such plates should have a butt
located as close as possible to the tangency line on the flat portion

7.5 CASE 4- HORI ZONTAL TOP SEAM PLATE

This plate was split into an upper and |ower plate by AUTOKON, BMI
FORAN and Shi pCAM though Shi pCAM only devel oped the |ower plate
Aut oShip and SPADES devel oped both plates as one. It is the upper plate that is
of interest as it incorporates the horizontal top seam

The devel oped plate coner coordinate differences are again larger, by up
to 36 nm in the length direction and less, up to 23 nm in the width direction

The superinposed devel oped plate outlines are shown in Figure 7.5.1.

The surface of this plate was again conpletely defined and should not be
the cause of the differences

This type of plate cannot be avoided as it is the result of using structura
bl ocks with horizontal seams in the shaped hull areas. Therefore stock appears
to be the only acceptable solution. Fromthe differences it would appear that 50
mm of stock would be adequate. However, this would not account for any
differences due to forming accuracy.
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FIGURE 7.5.1 - TEST CASE 4 DEVELOPED PLATE OUTLINES



7.6 CASE 5- SONAR DOME PLATE

This test plate is the most conplex of all the cases plus it was very large. In
actual practice it would have been divided into at least four smaller plates hy
one additional seamand butt However, it is a good exanple of how not to
define conplex shell plates

The differences between the devel oped plate shapes is quite significant as
can be seen from Figure 7.6.1, which superinposes the developed plate outlines
for all six participants

The magnitude of the difference in the devel oped plate comer coordinates
is up to 1282 mmin the length direction and 937 nmin the width direction
The reason for this is mainly due to the CAL systems inability to handle such a
conmpl ex shape. Also the inadequate surface definition again is a probable
factor. However, by dividing the plate up into a number of smaller plates would
i nprove both the devel opment acceptability as well as the consistency between
the different devel opnments.

7.7 CASE SUMVARY

The results of the test case conparison suggests that acceptable
consi stency, such as differences less than 10 mm between the different CAL
systems for double curvature shell-plates is not attainable. Even in the |ess
conplex test plates of Cases 3 and 4 the differences are too |arge

This lack of consistency highlights and substantiates the already stated fact
that it is mathemtically inpossible to develop an exact flat pattern for a plate
with doubl e curvature. However, the size of the differences between CAL
systems is surprising and of concern. It is inpossible to deternmine if any system
is nore acurate than another, nor was it the intent of this study to attenpt to do
so. However, the lack of consistency would tend to substantiate the
shipbuilders position that there is still problems with the system accuracy
rather than the CAL devel opers position that the problens are mainly due to the
formng nethods, tools and worker skill levels.

[t is recognized that it is not the consistency between different CAL systems
that is of major interest to shipbuilders using the systems, but rather the
accuracy of fit up fromplate to plate devel oped by the same CAL system This
study did not address this aspect in the test cases
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FIGURE 7.6.1 - TEST CASE 5 DEVELOPED PLATE OUTLINE



8.0 STUDY CONCLUSI ONS AND RECOMVENDATI ONS
8.1 CONCLUSI ONS

A The shell devel opnent problems are viewed differently by shipbuilders and
the CAL developers. This is surprising when it is renenbered that conmputer
aided lofting shell devel opnent nethods have been in use for over 20 years.
It would seem reasonable to expect developers and users (shipbuilders) to
have worked together on the problems, or at least be in agreenent as to what
they are

B. A review of papers by foreign shipbuilders covering conputer aided shel
devel opment did not show the same concerns as sone of the US
shipbui | ders. Their nessage is that successful shell plate forming and
erection is as nuch or nore dependent on the material handling and formng
equi pment, and the skills and training of the formng and erection workers as
it is on the computer aided lofting nethod capability

C. Wile inprovements have been made to all of the CAL devel opers’ shel
devel opment systens over the years of use, they have been in the user
interface and to take advantage of computer inprovements. None of the
traditional CAL devel opers have incorporated nmajor new techniques that
significantly added to the accuracy of the developed plate flat shape
FORAN S use of geonetric surfaces patched into the flat plate is a different
approach, as is the ShipCAM and AutoShip use of a finite element technique,
but again it is not known if they inprove on the triangulation accuracy

D. The CAL systens are not “expert systems” nor do they incorporate “artificia
intelligence”. This means that the use of the system and specifically shel
devel opment, will be highly dependent not only on the experience the user
has with the systembut nore inportantly the user’s skill level and experience
as a shipbuilding Ioftsman

E. For nost of the conpound curvature shell plates on a ship's hull, the
accuracy of the shell developnent systens is well within normal shipbuilding
tol erances.

F. The shipbuilders' bn goal, to cut all shell plates neat, probably will not be
realized in the foreseeable future. This is due to two facts, namely
1. It is mathemtically inpossible to develop an exact flat pattern for any
plate with conpound curvature.
2. Shipbuilding plate formng tools and operator skills do not have the
required consistent and repeatable accuracy.
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G. The development of the same plate by different CAL systems is not
consistent even for the ssmpler test plates. The differences get significantly
worse as the plate complexity increases. However, the consistency can be
improved by dividing the complex shell platesinto a number of smaller
plates.

H. It isrecognized that it is not the inconsistency between different CAL
systems that is of importance to the shipbuilders who use the systems, even
though it supports their concern as to the acceptability of current systems.
They are more interested in the good fit up from adjacent plate to plate
developed by the same CAL system, after cutting and forming. This study did
not address this matter. To do so would have required groups of platesin
each test area to be developed and then to have actually cut, formed and
connected the plates. This was not within the scope of the study.

8.2 RECOMMENDATIONS
It is recommended that

A. A study be undertaken of shipbuilding forming methods and the application
of accuracy control to improve shell plate forming accuracy and consistency.

B. A study be undertaken to develop ways to use advanced measuring devices,
such as laser theodilites, for the checking and control of shaped shell plate
forming. .

C. Shipbuilders and CAL developers work together to develop new and
improved computer developed data to assist shell plate forming operators to
attain better accuracy and consistency

D. A study be undertaken to physically match a number of adjacent shell plates
on an actua block for plates developed by a number of the CAL developers
involved in this project, to determine fit up accuracy or lack thereof, as
discussed in 8.1 H above. Thiswould obviously have to be performed by a
shipbuilder with the capability to cut and form the shell plates involved and
to assembly them on a jig. The shipbuilder must have the capability to
accurately measure the cutting, forming and fit up of the shell plates before
joining as well as the overall fina panel accuracy after joining the individual
shell plates. The block selected should have at |east the shape complexity of
Cases 3 and 4.
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Shell Development Limitation Project
Part A, Band C

by

Al bacore Research Ltd.
3080 Uplands Road
Victoria, B.C.
Canada
V8N 1 N2

Rolf G. Oetter

A. DESCRIPTION OF SHELL DEVELOPMENT METHOD

1. Introduction

ShipCAM3 is an integrated shipbuilders software package which includes tools f or conput eri zed
fairing, lofting, developable surface expansion and shell expansion. Ithasbeen specifically

devel oped for the small and nedium sized shipyards, but also large shipyards may find it useful
Itruns on IBMPCconpatible conputers, which makes it very affordable. ShipCAMS3 closely
integrates with off-the-shelf CADprogranms, such as AutoCAD. ShipCAM3 passes the
geometric data such as faired lines, frames and expanded shell plating to CAD systems for
detailing.

ShipCAM3 has been marketed for two years. The shell expansion nodul e has been used for
about one year. Afew ships have been built to date using the shell expansion, and the results are
very good.

The SHELL EXPANSION module is based on triangulation of a surface mesh. The surface
mesh may be created by ShipCAM3 itself or imported from other programs, including ship
design programs, such as FASTSHIP/YACHT or AutoShip.

The SHELL EXPANSION program has a fully integrated graphical user interface. The result of
a performed shell expansion is immediately displayed on the semen for visua inspection. A

typical expansion take less than a second to compute. The expanded plate is displayed in mesh
formincluding all marking for frame lines, water lines and buttock lines. Next the ‘strain map of

the plate my be displayed. Adranmap and the total longitudinal stretching aid the operator to

deci de about the quality of the plate expansions.

All plate geometry information, including the strain map may be exported to the CAD systens
for detailing and nesting.
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2. DETAILS OF PROCEDURES USED
2.1 Data Preparation

The Shi pCAMB comput er aided ship manufacturing systemconsists of a number of self
contained modul es. These nodul es exchange data through geonetry data files. Shi pCAMB
provides a nunber of ways to inmport the geonetrical data at different stages into the program

The shell expansion nodules requires a surface mesh which approxinates the hull surface. The
mesh vertices are connected by straight lines in 3-d space. Here are in brief some common ways
to import the required data

-The traditional way to is to enter the table of offsets into the systemand fair the lines in
transverse (stations) and longitudinal directions. The faired lines are then converted into the
above nentioned surface mesh using a 4th-order B-spline surface algorithm

- Another possibility includes the dixect inport of the hull formfrom hull design prograns,
such as FAST-SH P/ FAST YACHT and Aut oShi p.

- Line plans from CAD programs can be inported as easily. The IMPROT nodule allows for
a mltitude of manipulations in order to convert the hull geometry description to the
required format.

The such acquired hull geonetry may stretch over the conplete hull or cover only a small part
such as an appendage or a repair area

The number of the mesh vertices required for a successful shell expansion depends on the
complexity of the shape to be expanded. The more vertices the better the approximtion of the
actual shape. Typically one vertex should be on each mesh [ine of the plate for each three
degrees of change in direction

2.2 Shel | Expansion Procedure
2.2.1 Loading the 3-D geonetry file
The operator loads the geonetry file with the 3-D hull geometry into the computer memory by

simply selecting the file nane froma presented list The surface-mesh is displayed on the screen
and nay be viewed in any of the three principal planes
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SHELL EXPANSION >> TLAMB

JFILES UIENWS EXPAND OPTIONS

JLOAD SURFACE

LOAD FRAME LINE LOCATIONS
LOAD WATER LINE LOCATIONS
LOAD BUTTOCK LINE LOCATIONS
RETURN TO SHIPCAM

A PA T A T T SA T WL TR TA WA VA Y v, g . 8
A 3, 0 e
ol T B V06 0 O T S B e e, g 04
$ n ot 5

N
X

:::::: e g
oy a2

L/T ¥=14.001 Y=22.508 Z=37.379 R/T X=86.626 Y=-0.001% Z=40.065
L/B X=2.053 Y=-0.000 Z=0.647 R/B X=75.397 v¥=-0.000 Z=3.48%9

Figure 1. Surface mesh loaded for shell expansion
2.22 Loading the marking location files

Next the operator may load and edit three marking location files which list information about the
markings to compute on the expanded plate. Mrkings can be provided for planes parallel to the
three principal views, that is parallel to the water plane, the center plane and the body plane. The
resulting markings on the plates are therefore on or parallel to water lines, buttock lines or frame
lies.

2.2.3 Selecting the plate to expand

The surface can be expanded as one large plate or as several smaller plates. The break down into
several parts is done interactively on the screen by selecting any of the transverse or Iongitudina
mesh Iines as boundaries. The plate is bounded by a left, top, right and bottom border, each of
which is a mesh line. The longitudinalsor transverse mesh lines may culmnate in one point. The
use of mesh lines for plate boundaries my seemto be limting at first. However, ShipCAMVB
exports the expanded plates with all markings to the CAD program Qther plate edges can then
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be obtained in the CAD program by trinmng the plate within the CADsystemto any of the

marking ines.

SHELL EXPANSION >> TLAMB

FILES UIENS SEXPAND OPTIONS

PROFILE-UIEW SREDRAN
TOP BORDER SELECT
BOTTOM BORDER SELECT
LEFT BORDER SELECT
RIGHT BORDER SELECT
EXPAND SELECTED PLATE
ROTATE EXPANDED PLATE
CORRECT STRETCH
ADD TRIM
LETZ] SAUE EXPANDED PLATE
a3 i P B S P 2 L,

it J
o e nt e P il 7 Y B e O S
ot ot o i B P s k. P 27 ot 25

et M P e ot P
ok R o o o T 7
T

o
va

.................

oy 2

,,,,,,,,,,,,,,,,,

Lines
VUertices

64 TOP BORDER = 99 LEFT BORDER
BOTTOM BORDER = 44 RIGHT BORDER

i
3
[

11
31

Figure 2: Mesh surface with selected plate to expand

2.2.4 Expanded plate geometry

Theresult of the shell expansion are four 2-D geometrieswhichare
- the expanded surface mesh
- the markings parallel to the water line plane
- the markings parallel to the buttock line plane
- the markings parallel to the frame line plane
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SHELL EXPANSION >> TLAMB
FILES UIEUS SEXPAND OPTIONS

Figure3:Exanpl e of an expanded plate with all markings

2.2.5 Internal strain map

Any 3-D shape containing double curvature will experience deformations when expanded to 2-D
flat plate. Conparing the 3-D initial size of a mesh element with the 2-Dsizeof theexpanded
mesh element enables the strain to be computed. The operator may display the interna strain due
to the expansion process. The internal strainisrepresented by filling each mesh elenent with a
color according to a color strain table. That is, the grade of deformation is represented by a
color. Both conpression - the 2-Delenment is smaller than the 3-D one- and stretching-the 2-D
element is larger than the 3-done, are displayed.

The deformation strain is a very good indication of the complexity of the 3-D shape, and is used

by the operator to decide whether a larger or smaller plate size should be indicated for this area
of the hull.
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SHELL EXPANSION >> TLAMB

FILES UIENS *>EXPAND OPTIONS
EXPANDED PLATE

Figure 4: Black and white example of a strain map

The bottomof the screen (black bar in Figure 4) displays the strain values that are represented by
a certain color. Unfortunately the bick and white reproduction do not display the details.

2.2.6 Total longitudinal deformation

Lastly the operator may display the total deformation of the longitudinal mesh [ines. The
i mpl enentation of the expansion algorithm as explained later in this text, allows only for
longi tudinal deformation of the mesh elements. The transverse lines keep their original Iengths
The screen display lists for each longitudinal nesh line

- the 3-D length

- the 2-D length

- the actual change in length

- and the length change in percent of the 3-D length

Positive values indicate the expanded longitudinals are longer than the 3-D longitudinals,
negative values indicate that the 2-d longitudinals are shorter.
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Figure 5: Example longitudinal deformations

The absol ute |ongitudinal defornation may be used to decide whether a smaller plate size should

be sel ect ed It can also be used to determine the necessary trim allowance to add to the expanded
plate.

The exanpl e above shows that the longitudinals 5 and 6 have no length differences between the
3-Dplate and the 2-D expanded plate. The two |ongitudinals closest to the center will never
show any stretching, since the algorithm starts expanding in the center of the plate and there is
no compound curvature. Longitudinal further towards the edge of the plate may be subject to
significant length changes. The amount of total stretching or conpression depends on the

amunt of double curvature. In this exanple the maximum length difference is 0.0166 feet or
about 3/16". The length difference of each longitudinal nay be devided by two and the resulting
val ue added to each end of the plate as trim
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2.2.8 Compensating the longitudinal deformation

The longitudinal deformation is known for each |ongitudinal. The stretch may be conpensated
for by adding one half of the total length difference to the each longitudinal at either end of the

plate. This procedure is performed automatically by selecting CORRECT STRETCH from the
screen menu.

2.2.9 Adding Trim

Trimmay be added in longitudinal direction. To add the trim the operator selects ADD TRIM
fromthe menu. The systemasks for the anount of trimfor both seams of the plate and then

extends the longitudinal by the given anount The hatched area in Figure 6 shows an exanple
of trimadded on the left side of a plate.
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E o AR
Sctup
’ BLOCKS

DIH:
DISPLAY
oo

||II EDIT
INQUIRY
LAYER:
SETTINGS

PLOT
ucs:

OO NN

UTILITY

\
\

NN

N\
\
\

3D
ASHADE

REAN. VORIAAA L RN ANA L ASNLAN SN AN ML LAA L L AN A NN

SAVE :

4.
%
e
e
72
2
-
/
Ye

Loaded menu C:\NACAD\ACAD.nnx
onmand :

Figure6: Detail for trimon the left edge of the plate
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2.2.10 Plate sizing

Theresulting plate my be rotated to fit available stock. The Maximum length and width
dimension are displayed. The operator checks the plate size against the available stock and
decides if another plate size would be more suitable. Another size can be chosen and cal cul ated
inless than five seconds.

SHELL. EXPANSION >> TLAMB

FILES UIEWS JEXPAND OPTIONS
"EXPANDED PLATE

L L L LY 7T 777

L/
VAN SV VAN AVETA /4

/ /
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[:/ / / ,/ r/ 1/ // 1/ 7 7 7 V4 /4_:7/
P / Z J 2 A 7
fe AT T T 7 7777
ST 777 T 4
HKMIN = 0.000 YMIN = 0.000 ZMIN = 0.000
XMAR = 21.598 YMAX = 6 .599 ZMAR = 0.000

Figure 7: Expanded plate rotated bottom of screen lists the plate size

2.2.11 Saving the expanded plate

The geonetry of the expanded plate has to he saved to disk for further operations. The followi ng
geometries are available for further operations after saving:

- the expanded surface mesh in 2-D space

- the markings parallel to the water line plane in 2-D space

- the markings parallel to the buttock line plane in 2-D space

- the markings parallel to the frame line plane in 2-Dspace

- aclosed polygon for the plate outlinein 2-D space
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- a DXF formatted file with cross-hatched areas indicating expansion related in 2-D space
def ormati ons
- the surface mesh in 3-D space

The closed polygon can be readily used for burning the outside of the plate. The markings are
used for the scribing unit. The strain nap may be plotted and used by during the plate formng
process. The 3-D mesh of the plate may be used for the production of assenbly jigs.

2.2.12 Further plate handling

All expanded plates are now exported to the CAD program Figure 8 shows four expanded plates
that have been inported to AUTQCAD and |ayed up longitudinally as they are arranged on the
hull. The plates can now be arranged and nested with any other parts of the hull, to utilize the
available stock best. Albacore’s NC-Pyres program can then automatically convert the CAD
drawing to NC-code including automatic path optimzation.

-7.4379,-4.4681 AutoCAD

* ¥ K %K
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BLOCKS
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UTILITY

3D
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SAVE :

Figure8: Exanpl e of nested plates in Auto CAD
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2.4 Methods Used

2.4.1 Triangulation

A 3-D surface mesh is the input for the expansion algorithm. Each mesh element consists of four
vertices on the surface mesh. The four vertices are connected by straight lines in 3-D space. Each
mesh element can be further divided into two triangles. The algorithm finds a conveniently
located mesh triangle close to the center of the surface mesh and transforms it fromthe 3-D
space to a 2-D space. The algorithm moves through all mesh triangles from the center towards
the outer edges and transformall triangles from 3-D space into 2-D space using a cosine-|aw
triangul ation nethod. The inplemented al gorithm proceeds over the surface mesh in such order,
that any necessary deformations will occur along the Iongitudinal boundaries of the mesh
elements, while the transverse oriented boundaries retain their initial Iength.

2.4.2 Strain map

The operator needs an indication for the conplexity of the plate to expand. There are

undoubtedly experienced loftsmen that can ‘see’ immediately if a plate can be formed with the
procedures used by the yard. Wth the ShipCAMB expansion module Al bacore provides a unique
visual aid for the operator to decide whether an expanded plate contains too much deformation
to be shaped properly.

The longitudinal length differences between each expanded nmesh element in the 2-D space and
the same elenment in 3-D space are calculated. The deformations are set into relationship with the
original lengths. The resulting values are defined as the deformation strains inherent to the mesh
elements. Each element may experience stretch or conpression. Strain values are represented as
color filled mesh elements on the screen (see Figure 4 for a black and white exanple of a strain
map). The maxi num al |l owabl e deformation, i.e. maximm color, is given by the material
properties, material thickness and the forming procedure used by the yard. The maxinumstrain
has to be found enpirically by the yard.
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B KNOWN SHELL DEVELOPMENT PROBLEMS

The shell expansion programis relatively new. Al bacore does not have extensive experience
with general shell plating problems in industry.

The nost difficult part of the process is not the shell expansion, but creating a fair hull surface to
the architect's specifications. The fairing process, although supported by many visual aids, is still
a time consuming and skill depended task. While it is easy to fair chine vessels, vessels with
conpound curvature hull shapes can be difficult to fair. In particular it is difficult to fair bulbous
bows and transoms with integrated propellor hossings to a set of given offsets. However, if the
vessel was designed using a computer ship design program the fairing may be avoided The
surface mesh directly fromthe ship design program

It may still be necessary to treat forward or aft section of a hull in a special manner for proper
plate expansion results. This procedure is recomended when the transverse mesh |ines show
extrene fore/aft deflections (See Figure 9). The deflections produce highly curved seanms. For
the shown area (all white ) it is not possible to select an adequate plate shape for the shell
expansi on.

SHELL. EXPANSION >> REUFIT
FILES UIEUS SEXPAND OPTIONS
| PROBIIES JREDRAH 7 T Ty
TOP BORDER SELECTY [EREREN, [}
BOTTOM BORDER SELECT A ERARI
LEFT BORDER SELECT (tele [ERRRRR] {
RBIGHT BORDER SELECT 11t IXEEERERERE]
EXPAND SELECTED PLATE RN RN ERERERENRE
ROTATE EXPANDED PLATE I ERRRERERRERRNRRER
] CORRERT STRETCH I REEREREERRRAR]
R DD _TRIM (RN ERER
:::..1:_‘:::::: f E g DED PLATE T IRRERE
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= NeANRRNEENANN e
SESIsaN ~ R (ft
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Figure 9: Stern of vessel with extreme fore/aft deflections in transverse lines
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Toovercone this problem a nunber of closely spaced sections are calculated on the hull and a
surface mesh is fitted to the sections. The resulting mesh does not contain any deflections and
can be expanded producing regular seans and butts.

C. LIMITATIONS OF SHELL DEVELOPMENT

1 Limitations regarding plate geometry

The program will expand any plate that conforns to certain guide-lines.
- The plate has to be approxi mated by a surface mesh of sufficient resolution.
- The mesh elements should be regular shaped. Extremely deformed mesh el ements may
cause the algorithm to produce irregular results.

There are no known limtations such as:
maxi mum or mni num | engt h
maxi mum or mni mum wi dt h
plate thickness
maxi mum back set
mnimum curvature in any direction
limt of twist
ratios of back set to length
ratio of curvature to width
ratio of mnimmecurvature to thickness

3.2 Practical field limitations

The ShipCAM3 shel | expansi on modul e has been in use for less than a year. A few hulls have
been expanded and built with it or are currently under construction. Clearly A'bacore cannot
look back at many years of experience with the shell expansion program Testing on nodel s,

comparisons with manually lofted plates by experienced loftsmen and three production hulls

give Albacore confidence in the results the software produces.

3.3 Limitations regarding operator assistance

The beta version did not provide sufficient infornation for the operator to discover potential
problens. On one occasion a straight section surface was expanded which contained a |arge
amount of twist in the bow area. The expanded plate showed strains on the full length along the
upper and lower plate edge which where right at the upper tolerance level. Also the number of
longitudinals was too small to represent the conplexity of the plate with sufficient resolution.
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The resulting plate was too short on the edges when fitted to the ship structure. Since then the
expansi on modul e has been enhanced to detect problens like this. The programnow lists the
total longitudinal deformation which allows the operator to make a more informed decision.

A'so capabilities of correcting the sttetch automatically and adding trim automatically have since
been added.

3.4 Limitations regarding plate thickness

The shell expansion is currently calculated for the nold line. A planned upgrade for this year
will allowto perform shell expansions for surfaces that are corrected by half of the shell plate
thickness. Negative thickness will be allowed as well to correct for hulls that are lofted on the
outside of the plating.

3.5 Limitations regarding completeness of provided information

The program currently does not provide an automatic function to provide informtion for
assembly jigs, but it may be obtained with CAD programs. Also roll lines for formng
information are currently not provided. However most of these informations may be obtained
manual |y from the CAD program Automatic functions for all of these features are planned for
the near future.
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SNAME SPONSORED LOFTI NG PRQIECT Ref: 3920229. ROL

for M. Thomas Lanb, 41 3192
Director Production Design

PART A: DESCRIPTION OF BMI CORTEC SHELL PLATE DEVELOPMENT METHCD
BRI EF DESCRI PTI ON

The shell devel opment algorithmis a nodified two-dinmensional multiple
triangul ation apProach whi ch comences at an identified convenient centre
of the plate. he algorithmis used progressively and works in genera
terms up and down to both seans and forward and aft to both butts. Up to
ei ght-sided plates can be handl ed.

Some parts of the BRITSHELL code are particularly well established; other
parts are nore recent. The basic software has been in practical use for
about 20 years. The triangulation process has been recently modified to
take benefit fromthe fact that the input data are now equi-girthed on
frames.  Furthernore, spline curve fitting has been introduced for the
row, colum and diagonal girth calculations, wth due regard for franes
with associated knuckles. Previously the triangulation Was more random

A three-dimensional surface definition is used as the basis from which to
derive the necessary shell plate characteristics. An appropriate net of
surface points is used to transfer the plate data to the shell devel opnent
algorithm  The alternative of directly referencing one or nore B-spline
patches in a re-definition of the local surface has been considered but
nPt adopt ed because of the conplexity of the general case of an n-sided
plate.

The user is provided with the ability to assess the fairness of curves on
the surface, and the curvature of the local surface itself, so as to
identify a convenient plating arrangement which caters for, and perhaps
isolates, regions of double curvature.

The al gorithm provides methods to develop frame, waterline and interna

structure traces with the shell plate as well as an average or detailed
roll line for each plate. A sight line can optionally be marked as a
cﬂecﬁ, together with frame sets information, for the correct formng of
the plate.

The approach al so provides checking dimensions for nmanual verification of
the devel oped plate and its markings.

DETAILS OF THE ALGORI THM USED

The following is a detailed description of the algorithmused in the BMI
CORTEC SHELLDEF/ BRI TSHELL appr oach

1. The surface definition used by SHELLDEF is an aggregate of hi-cubic
B-spline patches, any nunber of which may be used to define a surface

Typically 50 patches are enployed for the symetric half of a conventiona
hull . An exanple patch arrangement for a trawler is shown in Figure 1.

-1-



The surface is the product nodel available fromthe interactive BMI BLINES
design/lines fairing systemand the HULLSURF surface definition system

2. The SHELLDEF systemis used interactively to define points and build
up sets of surface curves. The co-ordinates of a point on a specified
section, waterline, buttock or nore general 2D planar intersection can be
obtained either by cursor selection or by keying in identifying section
data.  Reference can optionally be made to relative girths from ot her
crossing points or tunes. Tangent and knuckle points can be defined. A
tune can be defined as offset froma previously defined curve. By
definition, the curves will lie on the surface. Figure 2 illustrates a
set of surface curves in section view and Figure 3 shows the curves in a
conveni ent oblique view.

3. The user can assess the fairness of the surface and of the surface
curves using a variety of curvature facilities. Positioning of seam
curves can then be nmade with reference to the available surface curvature
information so as to identify those regions which exhibit excessive double
curvature.

4. Seams can be defined based on the aggregate of a set of named tunes
defined as above and held in the datastore. The seams are used by the
SHELLDEF STRAKE or UNIT and PLATE commands to then define the plates of
the surface. Each seamis defined as a set of curve names and reference X
or frame positions. Up to the first specified position, the first named
tune is effective, etc. for as many distinct tunes as may be
appropriate.  Each so defined transition point of the seamis taken to be
a knuckle point for the subsequent plate definition. A directory of seams
information can be obtained.

5. Each plate of the STRAKE or UNIT is defined with reference to two
butts , each of which may be a single point, and a |ower and upper seam
curve, each of which may contain up to two knuckle points. Thus plates
may be up to eight-sided.

6. During the interactive definition of a plate in SHELLDEF, any |oca
surface cuzves, such as profiles of decks, bulkheads and |ongitudinal
are automatically detected and interpolated on frames or waterlines to
formpart of the subsequent plate marking data.

7. Afacility exists whereby an auxiliary surface is generated and an
intersecting sight line is automatically calculated; this intersects the
md-girth positions of the butts and li1es along a plane inclined at an
average angle normal to the tangents of the butts. The sight line is
stored as a special marking curve and is used subsequently in the shel
frame sets information to construct an auxiliary viewi ng plane and to
provi de some checking distances for the correctly shaped plate.

8. A net of surface points is used in the transfer of 3D data from
SHELLDEF to BRITSHEIL for calculation of the 2D devel oped plating and
associ ated production information. The definition of a plate based on one
or more B-spline patches has been considered, but not adopted; in any case
this alternative approach would involve some re-definition of the |ocal
surface which could be quite conplex for some plates, e.g. where the plate
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edges are highly shaped or in regions of significant curvature.

9. The SHELLDEF system permts the user control over which frames are
used to define the net of points. Points up each frane are based on
equi-girth distances. During the triangulation process in BRI TSHELL, the
user 1s warned of any excessive variations of aspect ratios. Sufficient

intermediate frames are automatically introduced so as to give a mninmm
of ten defining frames. This has been found to be satisfactory for nost
cases, in special situations, e.g to hold a highly shaped seam

additional frames are previousIY drawn by the user and the SHELLDEF system
then automatically includes all such franes (held in the directory of

drawn franes) in the plate definition

10. Based on the above net of (3D) surface ﬁoints, splines are defined
across the frames for each row of points. These secondary splines will
contain knuckle points at each of the knuckle franes (if any).

11. Plates are developed with respect to their md-thickness surface
negative thicknesses may be specified. The net of frames data from
SHELLDEF is assumed to represent the moul ded surface, thus in BRI TSHELL
these data are first corrected for the thickness of the material before
the devel opnent process is commenced.

12. To begin the triangulation process, a central pair of adjacent franes
is identified, with due regard to the position of the knuckle franes, and
developed. Next a central row pair is devel oped. The devel opnent process
Is a triangulation which is based on girths cal cul ated between adjacent
points of the net, including a set of diagonals in the two central bands
one in the direction of the frames and the other across the frames. See
Figure 4.

13, For each trian?Ie processed, the user iswarned of possible hi%h
aspect ratios of max/mn lengths of sides and/or the max/mn angles of the
trrangle. |f warnings of such severe triangulation occur then it naﬁ be
advisable to define additional frames in SHELLDEF (sinply by drawi ng them
and to then repeat the plate definition and devel opnent.

14, Independent triangulation of the four remining portions of the plate
(see Fig. 4) is then carried out using a method that tends to preserve the
overal | seamand butt girths for matching of adjacent patches. An exanple
devel oped shell plate I's shown in Figure 5. Aroll line is calculated and
drawn; this indicates the preferred way in which the plate should be
presented to the roll press.

15.  Special consideration is given to the possible occurrence of single
point aft and forward butts and also to the possibility that a fram is
shorter than a specified tolerance

ELOP: cal culation of 2D plate information,
RK: cal culation of 2D marking information,
- CREEN, optional addition of green material
- RECTANGLE; cal culation of the mninumrectangle,

16. Thegéscessing of each plate conprises the follow ng nmodul es:
MA



- PLATE ; graphi cal checking information or output of
production data,
SETS; shel|l frame sets output data.

Pl ate checking dinmensions are calculated. These are defined in Figure 6
and formpart of the numerical output for each plate after the calculation
of the mininumrectangle.

17. A production node is defined which determ nes whether the output is
graphical or in optical following, ESSI or possibly EIA formats. The
above nodul es are each processed for a specified batch or unit of plates
usual ly the /PROCESS option is specified for the DEVELOP command and this
causes the modules to and including the PLATE command to be activated.

18. For a given plate, there is a choice as to the set of franmes which
are to be drawn so as to provide the necessary fornming information.
Figure 7 shows typical roll sets corresponding to the plate of Figure 5.
The viewing plane used to check the plate formng process is illustrated
in Figure 8. Tenplates as in Figure 9 can be constructed, out of wood for
exanple, to provide a physical checking process.

19. Assenbly jigs information can be calculated for a unit of one or nore
pl at es. Qutput is both graphical and nunerical. In addition to an
accurate calculation of the jig pillar heights, checking distances to a
reference pin and the plate edges, plate corners, etc. are provided.
Figure 10 shows an exanpl e assenbly.

20. The above definition of the plates is used for the plate devel opnent
process. However , the subsequent jigs; sets and inverse bending
calculations are carried out with direct reference to the SURFACE data
held in the HULLSURF datastore. Optionally, the plates data, rather than
the surface data, can be-used to generate the sets information so as to
speed up the calculation in less conplex regions of the surface.

21.  The SHELLDEF and BRI TSHELL systens enable the user to define input
and output units which may be different. For exanple, the product node
may be defined in feet units with plates being output in nmetres

22.  Access routines for a plates datastore are available to the user in
the same way in which, for exanple, BLINES and HULLSURF access routines
are used to obtain surface section data. These routines allow the user to
interrogate the appropriate part of the total datastore for specified data
itens.



Note: flat of side (FOS) boundaries are natural but optional.
the flat of bottom may be used to define patch boundaries.

Fig. 1 Exanple Patch Arrangenent for a Traw er

Simlarly
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; Cblique View

Curves

Fig. 3 Exanple Surface
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Procedure:

1. Define appropriate central frame with regard for knuckled seans.

2. Fit splines to frames and for curves across frames to obtain girth
dat a.

3. Develop first triangle based on calculation of diagonal girth using a
local spline fit to data.

4, Develop triangles of central colum.

5. Develop triangles of central row

6-10 Devel op regions 1 through 4.

Fig. 4 Sketch of the BMI Triangulation Approach



BRITSHELL U4.3
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¢~NOv-28 ©9:43:56
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Fig. 5
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BRITSHELL u4g .3 Shell Frome Sets doto $or Plate
x — Ship : PANRMAX Yord : BMT
TR o Strake : 03 Plcte : P1
SYSTEMS Ordered length 1@ 4.419 metres Thickness 1 19.9 am
T-1OV-08 ©9:51:53 Ordered breodth : 2.450 setres Areo of plote H 8.660 metres 3q.
267.9
265.0
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\
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\ 2“.8

Fig. 7

Typical Roll Sets
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BRITSHELL U4 .3 Shell Frome Sets doto for Plate
e = ey Ship t PAMAMAX Yard 1 BT

LA Stroke : 03 Plote s P2
esrn TNTEGRATED XV TWARE
SVYSIENMS Ordered length 4,057 metres Thickness : 10.0 mm
Papprs-08 R :55: 20 Ordered breadth 1 1.635 meires Arec of piote 3 5.4i9 netres 2q.
/

’ - vV ’ . Y
L_—f ~ 'I
N2 7 v
" / ‘.
o4 .'I
.‘ ]

Fig. 8 Example Viewing Plane for Correct Forming of Shell Plate
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BRITSHELL U4.3 Checking Opticol Tope
— Ship nome : PANAMAX Yard nome : 0T
Stroke s D3 Plote : P3
Bsra TRTESTATED 50T THARE
STETENS

7- 1068 10:93: 46 File nome s PANAMAN.OTL

FWO BU1T

257.%

FRANE NO. O re 3 =

i ___,,,/J

FRANE HO 7 i 1

2£5.0 ¢ E

FRANE NO. § i T 1

283.0 t !

FRANE ¥0. 3 7 TR |

262.0 ) -=

AFT BUTT : i |

260.8 S :

)
B.M.T. BRITSHELL PANAMAX D3/P1

Fig. 9 Optical Following Information for Construction of Templates
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BRITSHELL U4.3 Shell Jige 4or Unit PANAHAY Obligque View
- Ship : PANAMAX Yord : BT
BTt oot Bed dotum 1.300 metres HMox gin height: 2.432 mwtr
INTE;,R:%.?SSO Bed breodth 4,422 wetres Bed length 3 8.720 metr
7-Ov-88 190:08:34 No. of Y pins : 9 No. of X pinz : Q
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Fig. 10 Example Jig Assembly Graphical Output
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SNAMVE SPONSORED LOFTI NG PRQIECT Ref: 3920229 .R02

for H. Thonas Lanb, 31/ 3/92 .
Director Production Design

PART B: DI SCUSSI ON ON USE OF BMI' CORTEC SHELL PLATE DEVELOPMENT METHCD

| NTRODUCTI ON

The BMI' CORTEC approach to shell devel opnent is described in Report
3920299. ROL whi ch gives details of the al gorithm used. The software
systens are desi gnated SHELLDEF for the interactive definition of the
three-dinensional shell plating and BRI TSHELL which includes the
devel opnent al gorithm

DI SCUSSI ON

\When devel oping shell plating, there are certain areas of a ship where the
devel opment of -the surface may cause problens and therefore these areas
require careful consideration. The problem areas which occur nost often
are:

wherever double curvature of the plating arises, especially in the
region of stenlstem bul bs,

pl ates adjacent to the stemin way of the |oad waterline,

pl ates adjacent to the stem between the top of the bossing and the
| oad waterline.

The regions of double curvature, and the direction and magnitude of the
curvature in these regions, can be ascertained using the SHELLDEF plate
definition system by displaying tufts of principal curvature for the
surface patches. The seam definition in these regions should then be
defined with particular care by experienced |oftsmen in the shipyard and
with due regard to the production constraints. These constraints are
typically the maxi num di nensions to which the shipyard can roll OR
heat-line bend any given plate (Please refer to the Report for Part Q.

Wthin the SHELLDEF plate definition system it is usual to add nore
frames to the above mentioned shell plate areas prior to their devel opnent
in the BRI TSHELL program

In the current release of the software, the surface in the region of a
soft nose or transom nust first be transformed so that seans can be
conveniently defined with respect to a new X axis for the controlling
direction. This nodest inconvenience is being elimnated with the
introduction and testing of some new facilities.

Provision of excess stock, designated in BRITSHEIL as green, is avail able.
Geen is allowed on the plates edges or butts to the requirements of the
shipyard’ s unit construction. G een can be specified independently on
each of the (up to eight) sides of a plate.



Checking dinensions are provided for each devel oped plate, see Fig. 6 of
the Report for Part A The shell frane sets information includes the
option of a sight line viewing plane (Fig. A8) and data for the
construction of tenplates (Fig. A9). Additionally, a tabular output of
sets checking data can be obtained. An exanple plate is illustrated in

Fig. 1 of the present report and a typical exanmple tabular output is given
inFig 2.

Jig assenbly information includes a table of the pin heights, see for

exanple Fig. 3, and checking distances along the seans and to the plate
corners, see Fig. 4.






BMI CORTEC Ltd. 3920229. R02

Strake name D3 Pl ate name Pl Plate No. 1
Di st ance Frane 260.750 | 261.500 | 263.000 | 265.000 | 267.000 | 267.500
from metres
Si ght
Li ne Angl e 70.8 109. 4 110.0 110.6 111.1 111.2
-2000 A
-1800 B
-1600 C
- 1400 D
-1200 E
-1000 F 267 295 342
- 800 G 325 347 384 418 439
-600 H 374 391 416 435 441 442
-400 I 414 430 440 444 436 432
-200 J 446 452 455 445 422 415
Si ght Line 469 469 462 438 400 390
+200 K 484 479 462 423 371 357
+400 L 491 482 454 401 335 317
+600 M 491 477 437 372 291 270
+800 N 484 465 416 336 241 215
+1000 0 470 446 387
+1200 P 450
+1400 Q
+1600 R
+1800 s
+2000 T
Upper seam hei ght 448 424 372 300 231 214
Upper seam di st 1213 1174 1090 968 837 804
Lower seam hei ght 212 261 338 405 439 443
Lower seam di st 1168 1115 1017 904 812 792
British Maritine Technol ogy Limited
shel | Devel opment System BRI TSHELL sets Essi Devel opnent Mbdul e
output for ship PANAMAX on 19-Jul-88 at 14:34:31

Lengths and co-ordinates are in nm

Fig. 2 Exanple Tabular Qutput for Sets Sight Line Information



* BMT CORTEC Ltd. 3920229.R02

British Maritime Technology Ltd. shell Jig Information Produced at 09:40:15 on 1-Apr-92
ship : BULBI Maximum pin height 2396
Unit name : TESTI1 patum pin height 1000

Table of Pin Heights (mm) --Page 1

Pin 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
M 1959 |1913! 1870 |1834) 1806 |1787) 1775 |1778 |1788] 1836| 1951 |2184 0 0 0
L 1741 |1699] 1654 |1609| 1564 |1520| 1479 .1450 1439 1456| 1514 |1631 {1842 |2396 0
K 1567 (1525( 1482 {1437 1388 }1339( 1295 |1262 |1246] 1253| 1292 1376 |1531 |1835 0

J 1432 {1392 1349 [1305| 1257 [1210] 1169 [1137 |1121}| 1125 1158 [1234 (1376 1633 [2302
I 1332 }1293| 1253 |1211| 1168 |1125| 1086 |[1055 |1039| 1045| 1084 1168 |1321 |1587 |2186

H 1264 |1228) 1192 |1153] 1114 }1075]| 1039 }1011 |1000| 1013| 1062 |[1161 (1339 |1642 |2304

G 1228 {1196 1163 [1129| 1093 [1058| 1027 (1006 1001} 1022| 1081 |1198 }|1405 |1757 0
F 1222 |1194| 1165 |1135| 1103 |[1073]| 1048 (1034 |1037| 1067| 1137 (1271 {1509 {1921 0
E 1245 [1221| 1197 |1171| 1144 |[1120f 1101 (1093 j1104| 1144| 1226 |1378 [1650 |2160 0
D 1299 {1279) 1259 |1238f 1216 |1196} 1181 {1179 |1198) 1250| 1345 |1519 |1833 0 0
c 1385 |1369| 1352 |[1335| 1318 {1301( 1289 (1291 {1317]| 1378; 1486 [1687 12082 0 0

Fig. 3 Example Table of Shell Jig Pin Heights



BMT CORTEC Ltd. 3920229.R02

British Maritime Technology Ltd.
ship ¢ BULBI

Unit name

TEST1

Posgsition of Plate : s07/SB003

LA is 53 FWD of 4 100 1/B of
UM is 161 FWD of 3 8 I/B of
LF is 79 AFT of 12 39 1/B of
UF is 22 FWD of 11 52 0/B of

Position of Plate : S08/sSB003

LA is
UA- is
LF is
UF is
-eteo-

7
16
40
40

9 AFT of 12 39 1/B of
2 FWD of 11 56 0/B of
5 FWD of 16 64 I/B of
1 FWD of 16 47 o/B of

HUOXAO

mmaQu

Plate Position

shell Jig Information

Information (mm)

113
161
38
56

38
171
410
403

British Maritime Technology Ltd.

sh
Un

ip ¢ BULB1l
it name : TEST1

Distances of frame

from
from
from
from

from
from
from
from

shell Jig Information
- see also REC listing file

HUmaoa

mmav

11
11

'

12
11
16
16

1053

661
4921
4522

4921
4662
7405
7401

for plate frame girths

Frame Checking Table (mm)

Lower Seam
Height

5578
5492
5406

5320
5234

5148
5061
4973
4883
4790
4032

point from ref pin Forward
Frame
284 1201
285 1794
286 2387
287 2980
288 3574
289 4170
290 4770
291 5376
292 5993
293 6634
294 7168

Fig. 4 Example Seam an Corne

Inboard

and Plate Cormer checking D

T 2

1379
1341
1300

1261
1227

1213
1235
1309
1480
1865
2160

ata for Jig Ass

Produced at 09:40:15 on

~-- Page 1

5600 I/B and
3008 1/B and
5039 I/B and
2448 1/B and

5039 1/B and
3444 1/B and
3064 1/B and
3047 1/B and

5600 from
3008 from
5039 from
2448 from

5039 from
3444 from
3064 from
3047 from

Ref height on pin

omhlv
-X

-~ Page 1
Distance Forward
6196 550
62717 1148
6414 1747
6603 2348
€838 2952
7109 3559
7410 4170
7733 4889
8069 5494
8407 6107
8385 6737

N2
N2
N2
N2

N2
N2
N2
N2

N2

Height
Height
Height
Height

Height
Height
Height
Height

3793

Upper Seam
Reight

Inboard

710
651
596
545

BENnA
s VR

473
455
1711
1623
1534
1443

1858
1830
1805
1789

1708
&IOVU

1797
1827
1189
1252
1389
1676

[

Produced at 09:40:15 on 1-Apr-92
Reference pin is

1-Apr-92

1389
1252
1248
1045

1248
1002
2117
2105

Distance

2133
2366
2713
3135

22N
~&SUVI

4108
4632
5798
6267
6740
7207



SNAME SPONSORED LOFTI NG PROJECT Ref: 3920229 .RO3

for H. Thomms Lanb, 31/ 3/92
Director Production Design

PART c¢c: RESTRICTIONS ON USE OF BMI CORTEC SHELL DEVELOPMENT METHOD
[ NTRODUCTI ON

The BMI' CORTEC approach to shell devel opment is described in Report
3920299. RO1 which gives details of the algorithmused. The software
systens are designated SHELLDEF for the interactive definition of the
t hree- di nt ensi onal shell plating and BRITSHELL which includes the
devel opment al gorithm

SPECI FI CATI ON OF LI M TATI ONS

The approach has been used successfully in the building of ships and other
surfaces for approximately 20 years- During this time a great deal of
i n-house and user expertise has been accrued in the application of the
sof t war e. The software itself has undergone relatively minor changes
which reflect an inprovement to the quality of the definition of the host
surfaces rather than any limtations of the algorithm used for the shell
devel oprent .

Facilities exist for the rotation of plates to a convenient position
within the mninmmrectangle- The rotation nay be based on either:

m ni num area, or
m ni mum wi dth, or
a specified angle-

G een allowances may be added independently to each of the (up to eight)
pl ate edges.

The practical limtations to the application of the software can be stated
as follows:

1. PIATE MN MM/ MAXI MUM LENGTH

The BRITSHELL systemwi |l develop shell plates:
fromO0.075 netres to 20 netres, or
from 3.0 inches to 66 feet, or
to that |ength which the shipbuilder or contractor
can roll or formthe plate.

2. PLATEH NI MUK/ MAXI MUM W DTH

The BRITSHELL systemwi |l develop shell plates:

from 0.075 netres to 5 netres, or
from 3.0 inches to 16 feet, or



to that length which the shipbuilder or contractor can roll or form
the plate.

3. PIATE TH CKNESS

The BRI TSHELL system will devel op shell plates without any linmtation to
the plate thickness- Plates with a negative thickness nmay be specified.
The algorithm first evaluates a reference surface at the md-thickness
position; this surface nmay be based on either frames or waterline data and
is with due regard for curvature. The developnent is with respect to this
intermedi ate surface.

4. MAXI MUM BACK SET
The BRITSHELL system will develop shell plates with whatever back set the
shi pbui | der or contractor can roll or form from our experience this is
approxi mately a maxi mum of ;

35 mmor 1-5 inches by rolling.
However, greater values can be achieved by heat line bending.
5. M N MUM CURVATURE I N WDTH DI RECTI ON
The BRITSHELL system will develop a shell plate with whatever nininum
radi us of curature the shipbuilder or contractor can roll or formthe
pl at e.
6- LIMT ON TWST

The BRI TSHELL system will-develop a shell plate with whatever tw st the
shi pbui | der or contractor can roll or formthe plate.

7. RATIO OF TH CKNESS TO BACK S12P, CURVATURE, etc.

The BRITSHELL system will develop a shell plate with whatever thickness
the shipbuilder-or contractor can-roll or formthe plate.

8- RATIO OF BACK SET TO LENGTH

The BRITSHELL system will develop a shell plate with whatever ratio of
backset to length the shipbuilder or contractor can roll or formthe
plate .

9. RATIO OF BACK SET TO WDTH

The BRITSHELL system will develop a shell plate with whatever ratio of
backset to width the shipbuilder or contractor can roll or formthe plate.

10- RATI O OF CURVATURE TO WDTH

The BRITSHELL system will develop a shell plate with whatever curvature
rati o the shipbuilder or contractor can roll-or formthe plate.
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11.  RATIO OF HNIMJH CURVATURE To TH CKWESS

The BRITSBELL system will develop a shell plate with whatever curvature ratio
the shipbuilder or contractor can roll or formthe plate.

12. OTHER LI H TATI OVB

The software is designed to develop plating which is usually based on aframes
definition (buttock view) of the shell. Plates can optionally be defined on
waterlines and may be reflected about one edge, e.g. for soft nose stem
plates. Transom plates require internmediate manipul ation.
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In order to fulfill the requirenents for Phase | of the LIM TATI ONS
OF COWUTERI ZED LOFTI NG, CALI & ASSCCI ATES, INC. delivers the
follow ng conposition containing:

A. Description of our nethodol ogy. .
B. Di scussi on of problems and our solutions.
C. Statement of limtations associated with our system

A SPADES METHODQLOGY FOR SHELL PLATE DEVELOPIVENT

The nethods utilized in SPADES for shell plate devel opment are

t he

“Grth Length’ and ‘Triangulation techniques.

A The Grth Length nethod should only be used when the

B

Pl at e

majority of the plate is flat and l'ittle or no double
curvature exists on the curved portion. Wth this method,
the program uses the flat portion as the devel opnment
plane with all the girth conputations fromthe flat edge
towards the tangent curve. The portion of the girth
falling on the-curved surface is rotated to account for
the increased girth in the normal direction, |eaving the
flat portion undistorted. See sketches 1 & 2

The comonly used nethod is Triangul ation. The programis
based on three space points to define a circle, and the
%lrth length is calculated fromthe circular arc |ength

he degree of approximation is a function of the amount
of curvature in the direction of the diagonal (true girth
vs. arc girth). The program has a built-in checking
routine Wwth warning messages printed during the
devel opment, when the cross diagonal yields results with
more than one sixteenth of an inch (1/16") deviation. See
sketches 3 & 4.

devel opment in SPADESis performed with procedures

contained in the ‘Plate Devel opment Mdule' and the ‘Part
Generation Mdule’.

1

The plate devel opment nodule is limted to a Plate with
two seans (upper and Iomer% and two butts which nmust be
arallel to the plane of the frames. Plates that do not
ave this type of boundary configuration are devel oped in
the part generation nodule.



A

SPADES METHODO OGY FOR SHEI| PIATE DEVELOPMVENT (continued )

2.1n the part generation nodul e, boundary definition can be
contours and/or butts and seams with the plate capable of
being subdivided into ‘nulti-parts’, each of which can be
devel oped with the _sane techniques as in the Plate
devel opment nodul e. The final development is achieved by
the conbination of the ‘nulti-parts’.

The user chooses which nethod of devel opnent shoul d be
enpl oyed and the system autonatically applies the devel opment
fromthe flat or |east curved side of the surface to mnimze
the error propagation. The transverse contour is divided into
mul ti-sections, up to eight (8), to get the best approximation
of the diagonal girth used in triangulation.

The user has the option to override the decision mde bY t he
systemin order to cross check the output of the devel oped
parts for the conpound curved - plate, by forcing the
devel opnment fromthe opposite point in the plate. The two
pﬁtterns are then conpared for the anount of deviation between
t hem

3. Also in the part generation nodul e,the user has the
ability to manually devel op the Plate using triangul ation
techni ques consisting of grid definition and manipul atin
the direction of the devel opnent. The technique o
opposite devel opnent is also used when deemed necessary.

SHELL DEVEICPVENT PROBLEMS AND SQLUTI ONS

To put the problem in the proper perspective, the obvious Mmust
be stated, i.e., =

The premise is therefore that any developnent is an
approxi mation and the task is essentially as follows:

A. Obtain the best possible approximation
B. Acceptance of the approximtion i. e.,

TO judge whether or not the approximation is
conducive to the efficient formng and fitting of
the shell plate.



B.

SHELL DEVELOPVENT PROBLEMS AND SOLUTIONS (continued

A Cbtainin%)the best possible approximation is a function

of two ( factors:
1. Method of devel opnent.
2. Straking of surface (placenent of seans and butts).

1. Method of devel opnent.

Wthin this context the use of a ‘CAD-CAM system
is implied. It is also assumed that all available
systenms have techniques for obtaining a good
aﬁproxination (see section |. for a description of
t he met hodol ogy used with ‘SPADES ).

2. Straki ng

It is assumed that in nodular construction
pl acements of erection butts is the first priority.

Seans reflecting nodul e breaks however, are subject
to possible changes due to hull form restraints.

The effect of straking plays an inportant role as
to limting the possibility of using the
devel opment obtained through the system

Too often straking is done with the follow ng order
of inportance:

.Pl easi ng appearance of seans

. Best material utilization

.Hull Form restraints
To mnimze production problens this order should
be reversed.



SHELL DEVELOPMENT PROBLEMS AND SQLUTI ONS (continued )

.Hull Form restraints

Some of the natural hull restraints can be
mnimzed by proper fairing techniques within the
constraint of not altering the characteristics of
the Lines. For instance, forward waterline endings
(elliptical, radial, or other) shoul dbe translated
into a snooth (preferably straight) radi us
variation versus girth of stem profile. The sane is
apPI|cabIe to curved transorns, transitions between
hull and transom and any other simlar areas. This
wll result in longer pieces of plate and mnimze
t he wel di ng.

It is obvious to everybody that a chine/knuckle
line dictates the need for a seambutt. An inclined
butt is also %fnerally mandatory following a few
inches after the tangent |ine between the hull and
wrapper plate(s). Too often, however, no attention
I's placed on the need to locate a seam follow ng an
inflection curve in the hull if one should exist.

The anount of backset vs. plate curvature and
thi ckness that is acceptable from a formng point
of view by the shipyard shoul d obviously be the
most inportant criteria in straking.

Questionabl e areas should be devel oped using the
sKsten1 After satisfied with Hull Formrestraints
then proceed to finalizing the straking using other
criteria such as:

. Pl easing appearance of seans
.Best material utilization



B.

SHEL |

DEVEL CPVENT  PROBLEME  AND SO UTI ons  (conti nued)

One of the results of proper straking techniques is
also the early determnation of areas where the
hull form dictates the use of:

.Hot forned plate

Plate segmentation (orange peeling)
.Castings and their extent

B. Acceptance of the approxi mation.

The first step is to judge the deﬁiee of approxi nation.
The ‘spapes’user acconplishes this by the reverse
devel opment technique nentioned in the ‘nEthodoIo%y’ and
by scrutinizing it very closely when alerted DBy the
system The anount of acceptable devel opnent deviation is
a function of the plate length. There is no substitute

for lofting experience and know edge of the shipyard’ s
capabilities in this step.

The second step concerns formng. Can the shipyard aPpIy
the correct anount of backset by cold pressing or [ine
heat nethod for the given plate thickness?

Failure to meet the deviation criteriumor the formng,

dictate the need to add stock (excess naterial) on one or
more edges of the plate.

| f not done during the straking process, when the hull
form mandates it;

.Plates will be subdivided into smaller

pi eces by adding butts and/or seans.
Jig construction data will be generated
for hot form ng.



B.

HELL DEVELOPMVENT PROBLEMS AND | conti nued
In summary, problem causes ‘can be summarized as foll ows:

TYPE A. - System

TYPE B. - Hull Form

TYPE C. - Straking S
TYPE D. - Shipyard Capabilities

In the case studies the tyﬁe of problem if any, wll be
expli;ned in detail, and the recomrended solution will be
st at ed.

LI M TATI ONS

It can be stated that within the ' SPADES’ conputer lofting
systen1there are no limtations in regards to the capability
of the systemto obtain an approxination.

Pl ease note that jud%nents and cross-checking by the user are
to be stressed, not because of systemlimtations but for the
other nunerous factors nentioned in this text.

Shel | plate devel opnent by any nethod (conputerized or manua

lofting) requires skilled personnel wth know edge of the
shlﬁyard’s capabilities in regards to formng and fabrication.

Wth the ‘SPADES |ofting system nethod 1. (please refer to
section A) requires a mninumskill level while methods 2. &
3. require a highly skilled user
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A) Description of methods used for shell devel opment

Coastdesign Inc. has produced the AutoPlex and AutoPlate prograns to be used for the
purpose of shell devel opnent.

Aut oPl ex
The program Aut oPl ex nmust be used at the design stage to generate a hull which may be

plated by pure bending, no stretching or thinning is required in order to formthe
resulting plates. The resulting hull surface is said to be developable

AutoPl ate

The AutoPlate program nethod provides for plates to be expanded on any shape of hul
and takes into account the strain required to formthe plate. The term conpound curved
I's used to describe these types of surfaces which cannot be forned purely by bending
The amount of conpound curvature is measurable as gaussian curvature

The geometry of the hull for use in AutoPlate is provided by a hull design and fairing

program cal | ed AutoShip. AutoShip can either be used to create a hull design or to
match the geometry of an existing hu



Description of methods used by AutoPlex

AutoPlex is used for hull design and plate expansion of developable surface hulls. This
software is used at the design stage since developability is an inherent property of the
shape of ahull. A surface which is developable is one which can be formed by pure
bending. An example of thisisacylindrical or cone shape. A developable surfaceis
highly preferred as a plateable surface since no plastic deformation of the shell plating
material is required. This eliminates the need for some types of compounding equipment
such as spherical dies. A developable hull may be plated by pulling the plating materia
over frames, although more commonly, some rolling or bending equipment is required.
The AutoPlex software has made it possible to design hull shapes which were previoudly
thought to be too complex to be developable. Within AutoPlex, the sheer, chines and
fairbody are defined by as mathematical splines of the general form Y =fn(X) and
Z=fn(X). These splines define the boundaries of panels which run the length of the hull.

AutoPlex searches adjacent chines for ruling lines. A ruling lineis an axis of bending.
Mathematically it is a straight line connecting the two boundary curves and is defined by
aplane that is tangent to the hull surface at every point on that line. Depending upon the
resolution a user selects, AutoPlex finds 20 to 1000 ruling lines on each panel. See
Figure 1



Ruling Line Upper Chine

Lower Chine

\\\\\— Tongent Plane

Fig. 1



We have proven that a developable surface will always exist between any 2 chinesand as
far as we know, Autoplex is the only program capable of aways finding a developable
surface between chines. Some systems will fail to find a developable surface in flat areas
or areas with pronounced twist. In the event of an unsatisfactory resulting sectiona
shape, the user must edit the master cumes to refair the chines. Generaly if the chines
arefair, and adjacent chines are of similar character, the hull will develop well first time.

A developable surface is very different from aruled surface. The “ruling lines’ on aruled
surface neglects the need for mutual tangency at the chines and connect the chinesin an
arbitrary manner. Only by arare coincidence would a ruled surface be a developable
surface and therefore the advantages of exact plate expansions and plate formation by
pure bending no longer exist.

Once the ruling lines have been found between chines, the panels may be expanded.
The chines and ruling lines form the boundaries of a series of facets. These facets are
always planar. The facets are continuous and can be laid out side by sidein the 2
dimensional plane to produce afile representing the plate outline. Most commonly a
plate outline fileis written in a CAD format for further processing or N.C. cutting.
Stations, waterlines, buttocks, intersections with any plane and ruling lines can all be
mapped onto the plate outline file. Figures 2 and 3 show a hull surface designed in
AutoPlex and the resulting plate expansion. Ruling lines, stations, buttocks and
waterlines are mapped onto the expanded plate.
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Plate Expansions From AutoPlex
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of nethods used by AutoPlate

The Autoplate programis used for expanding plates which have conpound curvature
This type of hull is sonetimes called a round bilge hull, however this is not accurate
since a developable hull may also have a round bilge

Autopl ate uses a representation of the hull geonetry fromthe AutoShip program The
AutoShip program represents surfaces as first, second or third order b-splines in the
transverse direction and cubic polynomal splines in the longitudinal direction. Hul
geometry nay be mtched to an existing lines plan by use of a digitizer. Ofsets from an
offset table nay be entered as an aid to define hull geonetry

AutoPl ate expands a patch on the hull by a finite element method. The patch is

represented by a series of points or nodes on the hull surface. The length of geodesic
paths are measured between adjacent nodes. These geodesic lengths are later used to

define the relative positions of nodes in the 2 dimensional case. Since the surface patch

my have conpound curvature, the link lengths (geodesic distances) must be altered
slightly in the 2 dimensional case. The factor by which the link lengths must be changed

I's equivalent to the strain required to formthe 3-dimensional surface fromthe 2

dimensional starting blank A large nunber of simultaneous equations must be solved in
order to arrive at the nodal positions with their associated strains

Avery cursory description of the mathematics is included as figure 2. This nethod of

plate expansion is protected by US. patent laws. It is used by Coastdesign under |icence
from AeroHydro Inc..



£

‘X and Y location for each node

Strain E Qt interior nodes

25 Nodal Locations * 2 dinensions = 50 unknowns
Unknown Strain for 9 interior nodes = 9 unknowns
Total of 59 unknowns

Li nk Equati on

(XN1 — XN2)*2 + (YN1 - YN2)*2=G2* ((ENL - EN2)/2)"2
EN1=Strain at N1
G = C(Ceodesic length between N1 and N2

One link equation for each link = 56 equations
Fix X and Y for one point =2 equations
FixYfor 1 point = 1 equation

Total of 59 equations

Nurmber of equations = Nunber of Unknowns

Fig.. 2



B) Description of known shell plate probiems and how these problens are taken
care of,

The idea of developability is inportant in the understanding of linitations of AutoPlate
and AutoPlex. Cenerally speaking the limtations inherent in AutoPlex are related to the
hul | shape whereas |imtations in AutoPlate are related to the formng process

It is possible to use both AutoPlex and AutoShip to define different parts of the same
hull. By using both programs the area of conpound curvature can be limted to a smal
part of the hull. An exanple of where this is useful isonahull withaflared bowwth
parallel sections running aft such as a planing hull. The flared bow sections can be
designed in AutoShip so that these plates can be expanded in AutoPlate. The rest of the
hull can be designed and expanded in AutoPl ex.



AutoPlex Problens

In using AutoPlex, the designer has complete control over the shape of the sheer line, the
chines and the fairbody |ine which formthe boundaries of a panel. A designer has no
control over the shape of the sections between these boundaries hecause it is a function of

the developable surface. Fortunately, the sectional shapes are usually very close to the
intended sectional shapes

Shipyards cannot use Autoplex to define a plate to match an existing hull unless the part
of the hull is known to be devel opable or unless the existing shape can be altered. The
hull Tines from AutoPlex and the lines of the existing surface can be compared in order to

deternine the amount of discrepancy. This is easily done in a CAD program or by
conparison of offset tables

A potential problemexists in AutoPlex on hulls with straight, non parallel chines. The
true developable surface which exists between these houndaries nust have a diagona
kink across this panel. Cften the kink will be insignificant, but the resulting hull [ines
shoul d be exanmined carefully to ensure fairness. The resulting kink can usually be

reduced or elinnated by putting some slight curvature in the splines representing the
chines

AutoPlex assumes zero shell thickness. On a hull with thick plating it my be necessary
to reduce or expand the hull lines by 1/2 of the amount of the plating thickness in order

to conpensate for this. Reducing or enlarging the hull geometry is a very sinple task in
Aut 0Pl ex.

The fairness between chines is checked by examnation of the resulting hull lines in
AutoPl ex. CQovious unfairness in the hull Iines can usually be seen on the computer
screen, however the lines should be plotted and examned carefully to ensure a fair hull



AutoPlate Problens

The expansion of conpound plates could be made exact using a finite element nethod, if
the strain could be inposed on the plate exactly as specified. The value of strain cannot
be measured or generated with sufficient accuracy for this to occur. Mny nethods do
not explicitly account for strain induced in the netal during formng which allows the
finite element nethod to be somewhat nore accurate. The conpounding process is very
gradual and the operator is unable to measure or recreate the strain inposed on the plate
directly. A great deal of skill is therefore required. The operator nust also use tools
which do not necessarily cause equal strain in all directions such as roller planishing or
line heating.

The strains which arise fromthe conpounding process and the transfer from the starting

2 dimensional plate outline and the 3 dinensional finished plate necessarily require a
quantity of excess material around the edges of the plate outline which will later be
remved as waste. In addition, the edge material acts as a restrain to conpound formng.

A good 2 dinmensional starting plate outline will assist the operator and decrease the
amount of excess material, however some excess material will nearly always be required.
Actual plate expansions on an icebreaker hull which were performed by Polar Design
Associates indicate that the worst circumstance requires the addition of 1/2" of excess

mterial onan 8 X 20° plate. Aletter witten by Polar Design is included in this report to
support this claim



IV IV LSS i T I SR WIS TN AN U G I WG R BN O

! 2 " g <
630 Millbank, Vancouver, B.C,, Canada V5Z 487 Phone (604)873-4601, Fax (604)874-2735

@innar Sol hei m
COASTDESI GN  NORVWAY

Sol siden 1,
N-4950 RI SOR
NORWAY
January 1.0, 19¢
RE: AUTOPLATE Software
Dear Sir,

| refer to your fax of January 04, 1991, in which you have requested our coments on the
new Autoplate software.

Under the agreement with CoastDesign Inc. we have been testing the software for the
nine months on the 300 ft ice breaking research vessel, pre_sentl?/ under construction at
North American Shipbuilding Inc, in Louisiana, USA. At the time of this witing some 50%

of the plates developed with Autoplate are installed, with the rest being at various stages of

NC cutting, forning, etc. The fdl owing is the summary of our coments and concl usions
with regard to suitakility the software for shipbuilding.

The hull form was desicf;ned for mnimzing the areas of compound curvature, which
account for some 30% of total shell area. Consequently, most of the conpound curvatu
are quite extreme. The remaining 70%is either flat or devel oFabIe surfaces, the later
develped with the aid of Autoplex software with satisfactory resu [is.

The Autoplate has been used to expand Al conpound curvature areas. The present test

rel ease has produced outlines of expanded plates with frames, decks, etc. mapped thereon
(strain map is optional). For the purpose of formng the plates, which has been
subcontracted to rhe Avondal e shipyard in New Oleans, L.A for each individual plate
have Men indicating the main axis of rolling and providing a set of tenplates basec
frame [ines generated in AutoShip. Wen formed and installed, the |argest d|scre£ancg
reported did not exceed 1/2" or 12mkn on a 8ft x 20ft plate, which i's reportedly best
shipyard ever handled and in fact my be attributed in part to the hull distortion.

The seams have been laid out by the yard in an arbitrary manner, generally follow ng
waterlines, rather than generated automatically from Autup]ate.

The software itself, although offering trenmendous tine and savingsrequires
significant experience with preparation of the database, running and interpreting the
results. In particular, definition of the edges nust be based on sound experience and
interpretation of the local formin order to avoid repetitive work, Follow ng our feedback,

we understand sone of these tasks will be nade automatic in the upconing release. 1
output in the formof a 13XF file defi nit_e||y_. requires a fair deal of processing in AutoCad
before it is ready for NCcutting. e are willing to offer further advice on the subject.

in short, the software reduces manhours to estimated 10% of those needed for nanual
devel opnent, produces accurate results thus elimnating a need for margins, on site lofting
and trimming, etc., but requires a lot of experience with using it in practise.

Yours Sincerely
. N ASSOCIATES LTD.
.V . -
Peter van Diepen .
cc./CoAST DESIEN WC. [UREEY, BC



It is usually necessary to export the plate drawing to a CAD program such as AutoCAD
inorder to finish the plate expansion drawings in their final useable form Some of the
reasons for this need for extra processing are listed bel ow

-Qurrently, there is no way of automatically adding excess material to the plate outline

-There is no means of automatically dinensioning the plate outline

-There is no way within AutoPlate to fit a spline in order to smoth the edges of the plate
outline

-There are no provisions for text such as title blocks

It is possible to automte these processes by means of using [isp routines within
Aut oCAD as has been done by Polar Design Associates of Vancouver.

The current version of AutoPlate does not have the ability to generate tenplates for use
in checking the shape of a plate. This is an inportant feature which will be incorporated
into anew version of AutoPlate which is under devel opment. The present solution for
defiiing these tenplates involves expordng the hull lines into a CAD program and
measuring offsets in the area of the plate on stations buttocks or waterlines. These
offsets are used as a basis for drawing tenplates

Qccasional |y AutoPlate fails to converge on a solution to the conplex set of

simul taneous equations. This is a very rare occurrence but code is built into the program
to expand these plates by a method of triangularization. By this triangularization
method, geodesic distances are calculated along 3 connecting points on a 3 dinensiona
surface. Distances are then used to construct a 2 dimensional triangle. All of the
triangles are assenbled together into a 2 dimensional triangle to make themfit into a
continuous shape. The difference between this method and the finite element method is
that the resulting change in distances or geodesic path length is taken explicitly into
account and distributed evenly in a radial pattern about the center of maxinmum strain.
There triangularization method is therefore less accurate but provides a backup method
when the finite element method fails



Both AutoPlex and AutoPlate assume zero thickness. On a hull with thick plating it may
be necessary to reduce or expand the hull lines by 1/2 of the amount of the plating
thickness in order to conpensate for the plating thickness. Reducing or enlarging the hull
geometry is a very sinple task in the AutoShip and AutoPlex prograns.



C Limtations of AutoPlex and AutoPlate

Aut Pl Linitations

Since AutoPlex is both a hull design tool and a plate expansion program problens wth
difilcult shell expansions are avoided by constraining the shape of the hull surface. The
limtations are therefore nostly limtations on the possible shapes which can be
model | ed. Some specific exanples are listed bel ow.

Flared bow

(One of the inherent attributes of developability is that since the chines and sheer line are
convex in plan view the shape of the sections between the chines must also be convex in
body view. A flared how by definition requires concave sections between the sheerline
and chine and therefore this type of bow cannot he model | ed.

Straight Frames

A devel opabl e surface with straight sections is only possible if there is no twist ina
panel. A panel with no twist is one which has parallel sections. It is possible to develop
sinple hulls with this constraint but it is too restrictive in most instances.

Bul bous Bows
A bow which has smooth circular sections cannot be incorporated in a hull shape in

AutoPl ex since the only possible devel opabl e surface for this shape is either a cone or
¢yl inder.

Away of proving intuitively that these shapes are not developable is that they are
inpossible to nodel with a flat sheet of paper. For exanple, a smooth bul bous bow
cannot be a devel opable surface for the same reasons that a piece of paper cannot be
wrapped around an orange.

The inability to nodel and thereby expand the shell plating for these shapes can be
solved by modelling these shapes in AutoShip and expanding themin AutoPlate.
Unfortunately, the advantages of developability are lost.



There are al so some cases where a devel opabl e surface cannot currently be modelled by
AutoPlex. A limting factor in the present version is that ruling lines cannot run
longitudinally such as mght be desired for a submarine with a parallel nidbody and
cylindrical sections.

The plates which are defined in AutoPlex cannot he made to cross chines. The chine
forms a plate boundary and the plate is trimmed to this chine



e

Any deformation of the surface by pure bending al one does not result in a change of the
CGaussian curvature. The resulting output therefore does not contain any bending
information such as rolling axis but only conpounding information in the formof strain.
A system has yet to be devised in AutoPlate which will give the main axis of rolling

A plate with nore than 4 sides cannot be defined in AutoPlate. It is possible to reduce a
plate with nomthan 4 sides into more than one plate, however the resulting plate
expansions nust be cut and formed as they are defined in AutoPlate. The plate

expansions for a devel opable surface can be split up or reassenbled, but such is not the
case with an AutoPlate generated plate expansion

The actual plate expansion requires many conplex calculations which require a great

deal of tine conpared to nost triangularization methods. Wthin AutoPlate, it is

possible to define all of the plate boundaries and then performall of the expansions at
once. Roughly 10 mnutes is required to expand a single plate at maxi mumresol ution on

a 33 MHZ, 486 conputer. The programcan be left to run overnight if necessary
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Limtations of Conputerized Lofting, Phase 1
RNy / Stee 920406
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Shell Plate Development Description
The Hull, brief information.

The AUTCKON 3D nodel is built up by sculptured and planar surfaces.
Al curves describing the hull of a ship or floating structures are stored in
the scul ptured surface. Forreasons not to be discussed here, AUTCKON
has built up its hull by curves represented by geometry stored in a
database. W are NOT using any surface algorithm to generate curves.
Curves are given interactively by the user using crosshair points, 3D
input point or point(s) picked from other curves. The system will on
command from the user generate a serie of curves in any projection. A
fairing algorithm KURGLA, fairs the curve in very mch the sane way
as a good old wooden spline.

See enclosure 5 for a picture of a hull on database.

There is no known [initation Elated to the shape of the hull. Normal
production fairing time is 40 to 120 hrs.

Shel | Plate Devel opnent
User Definition

Shell plates are defined using the same set of commands as for defining
plane parts. Conmands for adding thickness, excess, shrinkage or other
auxilary functions are available. The user can choose fromcrosshair
pointing on plate comers or interactively typing the limting seam
curves' names. A shellplate can have a maximm of 99 limting seans.
This means the shellplates can have maxinum 99 coners.

Marking curves are stored according to user given options. Internal
structures as bul kheads etc. limted by the shell, will fromnow on
consider the plate thickness. See enclosure 1. The shellplate can be
symetrical, non symetrical or crossing centerline. See enclosure 2.
Commands are available to calculate the unexpanded plates’ attributes
such as area weight and centre of gravity in ship coordinates.

Jigg and tenplates are calculated on user request These calculations can
be carried out even though the plates are not defined or devel oped.

A
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User Expansion of shellplate

GCS

Wen the plate has heen described, the user can tell the systemto expand

the plate. The system can develop the plates using |ongitudinal,
transverse, or lateral curves, by user option. There is one single
command for the expansion of the plate. Rolling lines are automatically

calculate& for the present only the main rolling direction is shown.

Wen an expanded plate is shown graphically the first time, the
expansion grid is shown. The plate can be shown expanded or not
expanded with or without thickness. Commands m available to
calculate the expanded plates attributes (considering excess etc.) such as
area and weight.

The Devel opment Met hod

Each plate is expanded on a more or less rectangular grid. The geometry
of expansion curves are taken fromthe mdel, which is stored in the
database so no time is used to regenerate any expansion curve. Expansion
curves can be tranverse frames, water lines or buttocks. The grid is
defined by these expansion curves. Using the outer contour of the part,

the program selects a subset of expansion curves, and then a certain piece
of each curve. The arc of this piece (called expansion curve) is divided
into 4 to 20 pieces giving 5to 21 XYZ points on each curve. The spacing
between pairs of expansion curves is then devel oped by triangulation,
giving UV coordinates, and the patches thus forned are nested together
ina plane. During the triangulation the system uses true girth along
expansion curves and circular interpolation between curves in the other
direction, not just straight |ines between points.

XYZ points are 3D points in ship coordinates. Wpoints are 2D |ocal
points for an object, here the expanded plate. Now we have a XYZ grid
and an Wgrid. The program conputes a set of Coon’s patches for the
XYZ grid. The result is a mapping fromXYZ to Wfor the plate.

Therefore, for every point on the outer contour and the marking curves
the program can find the Wpoint fromthe XYZ coordinates. Such
point sets are found for all curves on the plate, and finally planar curves
are faired through the point sets, giving us the geonetry of the expanded
part. See enclosure 3.

The system cal cul ates a basis line for the expansion. This line crosses all
the expansion curves. The system starts the triangulation and nesting
fromthis curve and works outwards down on pairs of expansion curves.
During the nesting process of the expanded patches the system find out
where and how much stretch or conpression the plate has.



1.1.2.4 *Qassical” vs. “Special’ plates

The system generates the expansion grid in two very different ways that
the user should know about, since it affects the way plates should be
treated in the problem areas.

A ‘Classical’ plate has 4 edges. TW edges are on expansion curves, i.e

butts, and the other two are the classicaltical uppermdl owm . Forsucha
plate, the system selects the expansion curves between the butts, and uses
the arcs of these curves between |ower and upper seam This is enough

to get a good grid systemand a correct devel opment.

|f one of these requirements is not filled i.e not 4 edges, not 2 butts, the
system needs to find an extra expansion curve outside each end of the
plate. The curve arcs are selected by cutting the curves against a rectangle
in the projection of the expansion curves, e.g. the bodyplan

In addition, the user can tell the systemto treat some curves as limtation
curves for the grid i.e. treat the expansion grid as if these curves were
knuckl e curves (chines). The rectangle will then be limted by these
knuckl e curves. See enclosure 4.
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1.2
1.2.1

1.2.2

Known Problem Discussion
Gener al

As for old fashioned shell plate development computerized devel op-
ment has its problem areas. Since AUTOKON is fully interactive the
user has several ways around problems. The hull should be quite well
faired with goal definition of areas with much curvature and seans and
butts (butts are seam curves in AUTOKON) |oaded with devel opment of
difficult areas in mnd.

See enclosure 5 for a picture of a few seans on a hull

IE: Seams and butts are loaded according to unit breakdowns
Seams within the unit sometimes have to be moved by the
lofting people as plates in bulb areas are often expanded better if
seans are |oaded as perpendicul ar as possible to expansion
citrves

There usually are about two to three plates on some hulls that we do not
deliver as developed shell plates, due to several mxed factors

In addition to the measures mentioned below, the user can control the
plate devel opnent by
Choosing the nunber of subdivisions on the expansion
curves
Loading extra expansion curves
Setting expansion grid limts via “knuckle curve’ option

Shel| Plate at Knuckle Curves (Chines)

The AUTOKON system has no problems with knuckle curves on the
shell surface.

Sometimes one or nore limting seams on apart are knuckles. Since the
system may choose an expansion grid that extends outside the part (for
non-'classical’ plates), the user has to take certain extra steps when
knuckl es [imts the plate. The user nust tell the systemthat the curve
should be treated as a knuckle curve, although the system does know that

/A"\
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this curve gives knuckle points to all intersecting curves. Wen we have
told the expansion module that the curve is a knuckle curve, the grid will
not be extended outside the plate, and we will have no problems with the
discontinuity of the curvature at the knuckle

Lower-, Upper-, Forward-, and Aftmost Shell Plate

Shellplates located in the extreme parts of the ship very often cause
problens for conputerized devel opment The users of the AUTCKON
system have to take certain steps in these areas. If the plates can be
defined as ‘classical’ plates themis no problem

Lowernost Shell Plate

Let us call the plate [imted by or crossing the symetry line the
lowernost plate. A typical exanple here is a keel plate or a soft nose
plate. Since the AUTOKON system can handle port-, starboard and
nonsymetric parts this does not cause the user any problems. The only
extra step the user must take when plates cross centerling is to make sum
that the symetry plane includes the centerline, that is, during the
fairing process one particular curve is naned the symetry curve for the
shell.

Uppermost  Shel | Plate

The AUTOKON system has no problens with the uppermost row of
shellplates as long as there are expansion curves forward and aft of the
shelIplates, and the expansion curves are set to be YZ-curves (transverse
curves). If (for some reasons) the expansion curves is set to. be
X Y-curves (waterlines), the user must load a waterline above the upper
extrene of the hull. This is no problem since the plate definition and
hullfairing are nodules within the sane prograrn. There nust be at |east
one expansion curve outside the shellplate on each side, unless the butts
are expansion curves and there are exactly 2 seams in addition to the two
butts.

Foremost Shell Plate

The forenost  shellplate can be the nose plate in a bulb. W& do not
reconmend the users to expand this plate using the shellplate
devel opment build into the system It can be done, but the result is
unreliable. Ve recomrend the built-in macro anguage, the users should
wite a mcro devel oping such plate using principles from devel oping
parts of spheres. However, we are now in the process of refining our
methods of plate developing. This will result in safer developnent of
such nose plates

| {CS
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|t the plate is the upper and forenost plate in the bow the user has several
options. In this area the hull has lots of shape and it is inportant that the
user define a few extra expansion curves. The expansion will not he
accurate if there is too much slope between the expansion curves. O oser
definition of the expansion curves may be necessary. In the bow the user
can define XZ-curves (buttock lines) as expausion curves. As a side
effect of the refining now being done, the system can warn the user of
areas that need more expansion curves.

Aftmost Shell Plate

The aftnost plate very often ends at transom |f expansion curves is
YZ-curves this causes a problem The user then tries XY-curves. Again
If expansion curves outside the plate is mssing the user can generate
these. If the plate cannot he made as a classical plate, a dumy tie
(straight vertical linein the center plane) can be used to satisfy the
requirenent for extra expansion curves.

Plates partially in plan bottomplan side

Plates located partially in plan bottomor plan side is a comon problem
area. The systemhas to nake sure that the devel opnent process does not
"twist" the plate inthe flat area. W have no existing reports that this

causes any problem for the AUTOKON shell plate devel opnent.
M scel | aneous plates

A plate located in the upper portion of the bulb and the Iower portion of
the bow (saddle plate) is a problemif the plate is too hig. The system will
expand the plate, but it may be very hard to manufacture the plate. W
recomend that the user break the plate down into smallerpieces if
necessary, but first try closer expansion curves if the first developnent is
not accept abl e.

In general plates with very mich shape can cause problens for hoth
devel opment and manufacturing. Even though it seens that the
AUTOKON devel opment process gives an acceptable result we often
advise the user to break the plate down into smaller pieces and |oad nore
expansion curves. This will make the life easier for the manufacturing
depart ment.

Plates in sonardomes and bulbs has to be defined with care. This plate
can cause problens if defined too big. The user has to break the plates
down into smaller pieces if allowed Extra expansion curves has to be
| oaded The AUTOKON system has good experience with expanding
shellplates in sonardones on US and Canadian built navy vessels.

JES
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13 Practical Limitation Discussion

The known limitations are:

Max plate dimension ca32000mm (length and width) due to nesting.
Otherwise AUTOKON have no other physical limitations for
shellplates.

Min 2, max 100 expansion curves
Min 4, max 21 subdivisions of each curve.

We are currently exploring the limits of accuracy, with a view to giving
the user information about plateslams that need special attention.

Othervise, any plate that can be fabricated can also be devel oped



Enclosure 1

Internal part, limited by shell

P-1 adjusted for shell plate thickness
P-2 not adjusted for shell plate thickness
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Symmetrical, non symmetrical parts
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P-1: Part defined as non symmetrical, in this case
crossing centerline.

P=-2: Part defined only with "starboard symmetry".

P-3: Part defined with "both symmetry". '
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Detail of hull, seams and shellplate shown
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Detail of hull showing all curves in end view
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Chine

End view, part in aftbody against stern, with
a hard chine as upper seam.

The circumscribing rectangle shown in this view

will cut out the frames used for development

unless the upper seam is declared as knuckle.

Enclosure 4
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1.- | NTRCDUCTI ON

The main object of this task is the rational definition of shel
plating taking into account the common thjickness zones, the
construction ~nethod and the  shipyard resources and
st andar di zati on.

W started fromthe fact that the hull surface of the ship is,
mat hematical |y sPeaking, undevel opable then we decided to
transformthe real surface into a devel opable analytical surface
within each plate. Under FORAN System the problem of devel oping
the shell plates is not based on the existing approximate nethods
for calculating the true distance measurements. Instead of this,
fromthe begining of the process, the non-developable real
surface of the hull is substituted by a set of analytical
devel opabl e surfaces within each plate.

This method has been in practical use since 1972.

2.- GENERAL DESCRI PTI ON

The shell devel opnent algorithmis based on a substitution of the
hul | surface of the ship around the zone of a shell plate by the
nost adj usted mat hematical |y devel opabl e surfaces (cylinders
and/ or cones). The only practical limtation of the algorithmis
that the surface of the hull, inside a shell plate, has to be
continuous or, in other words, a shell plate nust not have
knuckl es inside (normally, knuckles are edges of the plate).

To obtain a higher precision each plate is internally broken down
into mat hematical domains. This breaking down is carried out
automatically and for each domain the adjusted surface paraneters
are cal cul ated. Then, plate devel opnent is obtained as the
addition of consecutive domains. By these means the shell plates
are dealt with in the same way, as they are actually dealt within
t he workshops, where press machines and bending rolls are used
to formthe plates.

As a result of the shell devel opment process, cutting, marking
and bending information is obtained as well as sone useful values
to help in elaboratln% the plate like, developability index,
m ni num | ength of the endln%]nachyne, mai n generatrix position,
information for checking both bending and cutting, etc.
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3.- DEFINI'TION PROCESS OF A SHELL PLATE

A shell plate is an area of the hull of the ship limted by four
lines. The two nore or |ess transverse |ines will be naned as
butts and the other two, nore or |ess |ongitudinal, as seans.

Thus the shell plating nodule is functionally divided into a
number of tasks each with a dedicated aim

- BUTT task : To define the position of the butts as well as
points on butts to be used in the seams
definition tasks.

- SEAMtask : To define the shell seans.
- PANEL task: To define construction shell panels

- PLATE task: To break down a shell panel into plates.

Al these tasks work i.n interactive graphic way and their results
are stored in a conmon data base to be used further on.

It is only necessary to indicate the construction frame nunber
gnd a distance forward or aft the frane to create a transverse
utt .

The definition of a non-transverse butt or a sean1bg the user is
made by selecting a set of points (at |east two) by indicating
any pair of coordinates (the third coordinate is automatically
cal cul ated) and a condition that determ nes the formof the
resulting line, such as:

- Parallel or pseudo-parallel to any deck, knuckle, seam shell
| ongi tudinal and, in general, to any previously defined Iine.

- Parallel to one of the main axes of the ship.

- A general |ine defined by biarcs passing through the selected
poi nt s.

This neans, fromthe point of view of the practical use, that
there are no limtations related to the seans and butts
definition and to the nunber of knuckle points on these |ines.

m

A.shell panel is defined by the user byselecting”graphically the
four lines limting the panel and some general attributes |ike
panel margins, key of symetry and assenbly/subassembly bl ock
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assigned to the panel.

And , finally, in the shell plate definition process the user
indicates the | ower and upper seans of the plates, the thickness
and st eel qualltg, and, optionally the shrinkage factors to be
consi dered when devel oping the plate.

As a result of the shell plate creation the program devel ops the
part, calculates the mninmum rectangle circunscribing the
devel oped contour and assigns, autonatically, the gross plate
that produces mnimum scrap according to the platess catal ogue
of the shipyard, I|f the result is not the one the user expects,
he has the possibility of changing the topological definition of
seams and butts and recalculating the plate in order to reduce
the scrap percentage.

4.- DETAILS OF TEE ALGORI THM USED

Steps followed in the surface adjustnment process, is now
descri bed.

- Reading from database the topological definition of the seams
and butts limting the plate.

Checking the position of the plate with respect to the
declared flat areas of the ship (flat of bottomand flat of
side tangency lines and parallel body).

- The curved plates |ocated near the flat of bottomwl| be
rotated 90 degrees to avoid high values in derivatives DYZ
that may produce precision problens in the adjustment process
Al remaining calculations are made internally in double
preci si on.

Cal culation of a net of 65 points, saving the three
coordinates and the two derivatives in the directions YX and
YZ. These 65 points will be situated in 13 pseudo transverse
lines and in 5 pseudo longitudinal lines. Fig. 1

- This net of points will be conpletely inside of the plate in
the case of seams or butts coincident with knuckles; otherw se
the points can be reasonably out of the plate to assure the
continuity wth contiguous plates. (In case of seans
coincident with knuckles the use of points out of the plate
woul d have produced bad results because the surface out of the
pl ate may be verK different fromthe one we want to devel op
due to the knuckle). The above nmentioned 65 points are
calculated with respect to the neutral axis of the plate (md-
t hi ckness surface% ecause it is assumed that the fornms of the
hul | represent the noul ded surface.

- 3-



Cal cul ation of the plane tangent to the surface in the mddle
of the plate and translation of both point coordinates and
derivatives ‘to a new system of reference in this centra

poi nt .

Checking the possibility to adjust cylinder(s) wth axes
per pendi cul ar to one of the main axes of the ship. Then,
cylindrical plates can be easily devel oped.

Cal cul ation of the vertex of a cone adjusted to the central
region of the plate with the condition of mninmm value for

the function:

i=NP
L (¥Yp;-Y;)?
i=1

(YP are the halfbreadths on the cone and Y are the
hal f breadths on the real surface).

Breaki ng down of the plate into two conic surfaces, each of
themw th mninmmerror and having a common generatrix. This
IS necessary to be able to devel op both surfaces w thout
cutting the plate (continuity condition). Fig. 3

Up to now the conmon generatrix is passing through the centra
poi nt but now we are going to nove the generatrix on a
pro#ecting pl ane by a sinultaneous adjustnment of the two
surfaces ('domains).

Transl ation of the vertexes of each domain if they are inside
the plate, and calculation of the real Iength of the basic
generatrix.

Cal cul ation of the necessary parameters to develop the plate.
Cal cul ation and eval uation of the mean square error and
devi ations between both real and adjusted surfaces.

At this point, it is decided, according to the deviations and
mean square error, if the result is good enough. If the value
of the Gaussian curvature within the plate is greater than a
predeterm ned value the plate would redivided internally into
an odd nunber of regions (mathematical donmains) for which the
process is repeated fromthe 65 points calculation. Fig. 2

It is inportant to note that all nentioned eval uations and
decisions are internally taken, wthout any indication from
the user because the boundary values to take the decission of
repeating the process have been adjusted after 20 years of
experience and hundreds of ships developed with this
al gorithm

Qunce the adjusted surfaces are good enough, the plate is
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devel oped by using a function having as input the three
coordinates of a point on the hull and as output the two
coordi nates on the devel oped plate and using internally the
parameters of the mathematically developable adjusted
surfaces. It is inside this function where the shrinkage
factors are applied (if defined by the user).

The total conputer tine for the devel oped process can | ast
between 5 and 15 seconds depending on the difficulty of the

plate. Then these response times nmake possible to include the
devel oped process as a task of an interactive nodul e.

5.- QUTPUT RESULTS FOR A SHELL PLATE

As nentioned before it is obtained information for steel order
cutting, marking and bendi ng.

For steel ordering the following data are supplied:

- Nunber of gross plates.

- Lﬁn%th, wi dth, thickness and steel quality of the gross
pl at es.

- G oss and net weights.
Scrap percent age.
For cutting the plate it can be obtained NC information or a
drawi ng for optical cutting and the follow ng statistics and
checking infornation:
- Lengths of the four edges of the plate.
- Lengths of the straight edges.
- Lengths of the curve edges.
Lengths of the plate diagonals.

- A fla? indicating if the plate can be cutted or not in a
paral el edges cutting machine.

- Necessary time for cutting and marking the plate.

The bending information consists of a set of transverse and
| ongi tudi nal tenplates on the position selected by the user. This
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information can be numerical, graphical or for NC cutting of the
t enpl at es.

Under this chapter is also obtained the follow ng information:

Vr pi ng (devel opability) index of the plate.

- A flag indicating if the plate is flat, single or double
curvature.

- Mlninun1length of the roll press machine for bending the
pl at e.

Lengt hs of chords and diagonals of the plate for checking the
bendi ng.

All narking information is automatically calculated and it is
represented in both NC and pl ate drawi ng but, optionally, the
user can obtain also numerical information for manual marking.
The marking contour of a shell plate can contain the follow ng

el ement s:

- Construction and internmediate framnes.

Shel | longitudinal parts.

Decks and bul kheads.

Margin lines.

Tenpl at es posi tion. _

Bending Iine %generatr[x) o _

Any kind of reference lines at any position (for checking the
assenbl y/erection processes).



FIG. 1. SHELL PLATE DIVISION
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- - LIMTATIONS OF COVPUTERI ZED LOFTI NG

TASK B.- BRI EF DESCRI PTI ON OF KNOAN SHELL PLATE DEVELOPMENT
PROBLEMS

B.1. FORM NG BENDI NG PLATE

One of the main problens of shell plate developnent is to verify
the appropriated bending or formng (in the roII|n? cylinder or
press machine) of the plate. Different procedures for” verifying
the final plate are available depending on the shipyard. FORAN
Syst em can- produce different outputs:

|.-  Sone transversal tenplates and a longitudinal tenplate are
required. Verification consists to check that the upper
edges of all tenplates (normally wooden tenplates) are in
a plan (See fig. B.1).

2.- A device like the figures, with 1 frane and 7 sliding bars,

Is used in at least 3 ship franes. verification consists to
check that the central bar of all devices is on a
straightline (See fig. B.2)

B.2. - EXCESS STOCK OR GREEN MATERI AL

Normal |y green material or excess stock is defined mainly to
conpensate the shrinkage. In FORAN Systemthis problem can be
handled in tw different ways, independently or sinultaneously.

|.- To add a constant increnent (it.: 50 mm 2“) in any of
edges of the plate.

2.- To use an shrinkage factor in x-direction and/or Y-
direction (they can be different) and automatically all
coordinates of "the devel oped plate are nultiplied for the
corresponding factor.



TASK C. - SHELL DEVELOPMENT PRACTI CAL LI M TATI ONS

There are two practical limtations:

Alimtation in FORAN System are surfaces close to a sphere
of small radius (R .

It means R/R#l with R very small, or R/R2~1 too

This problemonly appears at bul bous bow and the sol ution
Is to reduce the size of part by diving in two parts.

The other limtation is concerning the angle between
extreme transversal tangents, this angle has to be snaller
than 90Q If it is bigger, the solution is to divide the
plate in two parts by adding an internediate seam |ater
the two parts are nested together without cutting the added
seam

Qher limtations such as: maxi mum and m ni rum | ength and
width, plate thickness, maxinmum back set, etc. (as |isted
in your report of Nov. 21, 1991) are not concerning FORAN
System O course, they are practical limtations of the
shipyard, that are included in the definition of shipyard
standard nethods (Mdule FO9 of FORAN) including maximm
wei ght of a plate. A ‘Swarning nessage~ is pronpted when
over passing above figures.
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FOELEING

Boeing Commercial Airplane G~ap
P.O. Boi<
tle, wa 98124-2207

April 29,1991

M. Thomas Lanb
805 Cross Gates Bl vd.
Slidell, La 70461

Dear M. Lanb

This note is a response to your letter dated April 8, 1991.
Boeing will not submt a proposal for this project.

| nformation is Pr_ow ded on how the Boei ng Commercia Airplane
Goup lofts and-fairs extreme conpound contour surfaces.

s
[T
1 “|l||“ Wy

m“llul yyl

iy
"“““ll‘l‘l‘l‘\

The above surfaces represent our definition of extreme conpound
contour. These conplex shapes usually begin with crude |ofts
or wth plan, side and cross-section curves and evol ve through
a series of iterations. The |ofting software that we use is a
sub-set of CATIA a CADH CAM S&/stem devel Oﬁed b?/ Dassault
stems in France and nmarketed by IBM The lofting techniques
that we use can be traced back to R A Limngts 1944 book
titled ‘Practical Analytic Geonetry Wth Applications To
Aircraft”. W rely upon a cadre of skilled |loftsraen that work
closely with designers, aerodynamcists, and nanufacturing
representatives to produce shapes that meet esthetic, design,
performance and producibility criteria. o _
Qur skin panels wth conpound contour can be sub-divided into
1) sheet which is stretch formed orhammer formed over dies, 2)
compositel am nates which are formed on lay-up mandrels and 3)
wing skins which are formed by shot peening. The closest of
these to a hull plate is the w ng skin. devel op 2-D fl at
atterns from three-dinensional wng surfaces by triangulating
etween point arrays and conpensating to achieve closure. W
do not have automated shape generation orfairing tools.

Thanks for the ShipCAMB, CAE and vendor information. If | can
be of further assistance, please contact mne.

. |
Si nce

LR

Carroll Liecht
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KEY LI NEMARKI NG METHOD FOR CURVED SHELL PANELS’

( REPRODUCED FROM AVONDAL/ | H  TECHNOLOGYTRANSFER VOLUME
Il - MOLD LOFT, PRODUCTION CONTROL, ACCURACY CONTRQL)

In order to completely achieve the Shell Jig Systemin the shipyard, we have
adopted the IH curve shell marking method by means of steel marking tapes.

It s our experience that in producing curve shell assemblies, the following
errors can occur:

- errors caused by plate devel opment
- errors caused by heat deformation
- marking errors caused by the N'C punching device

- deformation caused by shrinkage and expansion through the
plate bending procedures

Even if these errors are mnute for one plate, the accunulated errors will affect
the entire assenbly.

The use of the girth table is not enough to obtain accurate curved shell

because the girth table indicates distances of structures from centerline of the
ship. Therefore, it is inpossible to determine what seam position shoul d be
the starting point

In order to obtain accurate curved units, the most significant way is to establish
two (2) key lines which are perpendicular to each other on the curved shell
SEE FIGURE 1 (VIEW GRAPH NO. M.-37).
This marking nmethod has the fol | owing advantage
- accurate cutting of curved shell erection joints

- higher accuracy in the layout of curved units
SEE FIGURE 2 (VIEW GRAPH NO. M.-38).

All calculations for this marking system are generated through the SPADES
programming system
SEE FI GURES 3,4 & (VIEW GRAPH NOS. M.-39, M.-40, & M.-41).

This information is sent to the Mldloft where the finished marking tape and
degree tenplates are prepared.



A _MARKI NG METHOD
1. Step No. 1- Marking Procedure of Key Line

a. Using the highest tape at the aft and forward butts, check the material
size of each plate and the size of the assenbly.

b. Mark the key line points on the shell at the aft and forward butts and
at aframe nearest the center of the unit. This frame is called the key
Frane.

FIGRE 7 (VIEW GRAPH NO. M.-421.
. Place the length tape along the three (3) points (A B &C).
d. Connect points Aand Bwith a thread line. Place the key line tenplate

along the key frame at the key line. This procedure will check the
l'ongi tudinal curvature of the assenbly.

2. Step No. 2 - Marking Procedure of the Vertical Lines

a. In order to establish an accurate key frame, the vertical curvature of
the assembly nust be checked first.
SEE FIGURE 9 (VI EW GRAPH NO. M.-44).

b. Wth the use of a beam conpass and a set of three dinensional
| engths obtained through the NC program (FIGJRE 3), mark points A
and B horn points C and D.

c. If the cross mrks fall off the seam this wll indicate either a bad cut or
incorrect curvature.

d. If differences do exist, check the followng itens:
- clearance between the sehll plate and the jig
- distance between the corners of the starting plate and the jig
- heights of the pins
- loose hanging edge of the shell plate

- recheck the assenbly marking tape
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SEE FIGURE 10 (VI EWGRAPH NO. M.-45)

a. Joinpoints Gand Fwith a thread and put the backset tenplate on the
key line to check backset Length and the declevity of the frame

b. The backset tenplate at this point establishes point H Point H
represents the intersection of the key line and key frame

c. Wth another thread, join points F, Hand G By seeing through the
threads, visualize a plane through the three points to confirmthe key

frame. Mark several points on the shell and, by using a wooden batten
create the key frane.

SEE FIGURE 10 (VIEW GRAPH NO. M.-45)

4, StepNo. 4 Marking
Li nes
SEE FIGURE 11 (VIEW GRAPH NO. M.-46)

Procedure of Frame Lines and Internal SStructure

a. Taking the height tape, meet the key line mark on the tape to the key
line at each frame position. Mark all height points of the interna
structures, water lines, and erection seamlines at every frame

b. Taking the length tape, meet the key frame mark on tie tape to the

key frame [ine. Mrk all length points of the internal lines, buttock
lines, buttock lines, and erection hutts

¢. Using a wooden hatten, join all cross mark points to get the frame

lines, buttock lines, water lines, internal structure and erection seam
[ines.

B. CONCLUSI ON

This concludes the Assenbly Marking Method for Curved Shell. At this
point, all lines have been re-marked, even if the line had been already
marked by the N C burning machine. Good results horn this marking
systemare heing realized as the Exxon ship is being erected. W are already

experiencing better alignment of internals across units with less stock
required on the units
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